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Reasons are given in favor of the possibility of developing a statistical 
mechanics of extragalactic stellar systems. Two principal difficulties met with 
in modern stellar dynamics are considered. 1) The problem of the relaxation 
time-scale. This problem is connected with the problem of the origin of the 
Schwarzschild ellipsoidal law of velocity distribution. There exist no known 
statistical mechanisms of smoothing out stellar velocities, necessary to make 
them agree with any statistical distribution law. It is pointed out that the true 
time of relaxation in the galaxies must be much shorter than its classical value 
10%-10" years, deduced from the theory of stellar-stellar encounters. As a 
matter of fact it must be of the order of 1010" years, i.e., comparable with 
the periods of their rotation. The uniform rotation of galaxies of all types (in 
the case of S-galaxies in their inner parts) may be regarded as an indication in 
favor of the short relaxation time-scale. Theoretically, the short relaxation 
time-scale is obtained if it is assumed that at least 10 per cent of matter within 
the galaxies is accumulated into condensations of 10°-10° solar masses on the 
average. 2) The question of the possibility of assigning any definite outer boundary 
to stellar systems is another major problem of modern stellar dynamics. It is 
obviously connected with the well-known paradox of the infinite mass usually 
obtained for steady stellar systems. As a counterpart it is shown that the phase 
(velocity-coordinate) distribution function can be defined only when a suitable 
elementary-macroscopic volume (EMV) around the point of space considered can 
be constructed. The EMV's are well-known in physics, EMV being a volume which 
is sufficiently small in order to represent local properties of the stellar medium and 
at the same time sufficiently large to contain within it a very large number of stars. 
In any stellar system this can be realized within its inner and denser part, which 
we may call the main body. The main body coincides approximately with the bar 
in the case of SB spirals, with the visible contours in the case of E-galaxies and 
with the confines of uninterrupted spiral arms in the case of S spirals. The main 
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body is the bearer of the structural features of any particular galaxy. Only within 
it is the Boltzmann equation valid, as well as all theorems deduced from it. 


All that lies outside the main body of the galaxy consitutes its corona. The 
corona surrounds the main body of the galaxy as a kind of diffuse stellar cloud, 
the equidensity surfaces of which are in most cases concentric ellipsoids (e.g., 
the well-known photograph taken by Baade of NGC 4594 in three colors), The 
corona exerts practically no gravitational action on the main body and plays a 
role very similar to that of the walls of the container in the theory of gases. 
Indeed the corona ensures that in the place of a star that has just escaped from 
the main body there will appear another star, which will fly from the corona into 
the main body with a velocity which is exactly necessary for maintaining a steady 
phase distribution. The only difference is that while the walls send back the same 
star, the corona sends back another one. 


In a subsequent paper the above principles will be applied to the dynamics 
of some types of galaxies. 


1. Introduction 


In the last 30-40 years, considerable progress has been made in the dynamics of stellar systems. Through the 
development of the theory of galactic rotation, the introduction of Schwarzschild's law, and the use of the Boltz- 
mann equation,Jeans, Eddington, Oort, Lindblad, Charlier, Chandrasekhar, Ambartsumian, and others were able 
to formulate the bases of the modern theory of stellar systems. At the present time, however, it must be admitted 
that in the further development of the theory we encounter a number of fundamental difficulties which lead some 
authors to deny completely the possibility of applying the methods of statistical mechanics to stellar systems (for 
example, see references [1], [2]). 


This is not the point, however, as it must be realized that the methods of statistical mechanics developed 
to describe events on a laboratory scale are not applicable, of course, to objects on a cosmical scale without the 
appropriate generalizations and some changes. The author's opinion is that the methods of statistical mechanics 
are so powerful that, with a suitable alteration, they can be applied to any system of interacting similar particles. 
In particular, they can also be applied to the types of stellar systems observed by us. 


The present work is a further development of some ideas which were first proposed by the author in 1948 [3]. 
Galaxies of the type S, SB and E are considered first of all. 


We will here consider two problems: 1) the problem of relaxation time,and 2) the problem of the dynamical 
boundaries of stellar systems. Both of these problems lead to the occurrence of the fundamental difficulties in the 
stellar-system dynamics which we have mentioned at the beginning. 


The calculated magnitude of the relaxation time, which is of the order of 10%-10" years, for all practical 


purposes is infinitely large. Therefore, at the present time it is considered that the stars in a galaxy describe regular 
orbits for an indefinitely long period of time under the influence of the regular force of attraction of the stellar 
system as a whole. 


Using this approach, B. Lindblad and S. Chandrasekhar [4] were able to describe the formation of small and 
thin branches in some types of galaxies with a large and massive central nucleus (of the type of M81). However, 
it is perfectly clear that this method will never lead to a theory which can describe the structural features of 
galaxies in general, particularly if we consider the large variety in their shapes.* Let us recall that in the Lind- 
blad-Chandrasekhar theory of instability of circular orbits, leading to the motion of stars along spiral orbits, arises 
only outside the main body of the galaxy. It is even more hopeless to attempt a solution of the problem of galactic 


*In connection with the publication of the Palomar Atlas of the sky in which there are thousands of photographs 
of galaxies, it becomes apparent how primitive were our ideas about the variety and typicalness of the forms of 
the galaxies, since our ideas were obtained in most cases from a study of several "classical" galaxies which, in 
the last thirty years, have passed through the pages of all the text books. The publication of a special atlas of 

galaxies has become necessary, 
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evolution we the method of regular orbits, in particular, the problem of the evolutionary transitions of galaxies from 
one form into another. 


2. The Relaxation Time in Real Stellar Systems 


ee relaxation time for a stallar system is usually defined as the interval of time in which the mathematical 
expectation of the square of the velocity change becomes equal to the square of the mean velocity of a star: 


T B - vy 
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where v is the mean peculiar velocity of the stars, ¥ the mean relative velocity of the stars when they approach 
each other, m the mean mass of the perturbing stars, y the density of their distribution in space, G the gravitational 
constant, R the radius of the stellar system and P is the “distance of approach", defined as the distance at which 
the irregular forces, arising as the result of an encounter, are of the same order of magnitude as the regular forces, 


For the neighborhood of the sun, the calculated value of T is found to be 10%-10" years, i.e., five orders 
of magnitude greater than the period of rotation of the Galaxy. This value is considerably greater than any #ma- 
ginable value for the age of both the stars and of the Galaxy as a whole and, therefore, this is usually accepted 
as showing that in our Galaxy star-star encounters and the resulting irregular forces for all practical purposes are 
not important. This idea became so customary that it was taken as a basic assumption in the later development 
of the dynamics of stellar systems ,which can be called stellar dynamics without encounters. 


However, if we examine the problem more closely we find that the assumption of the absence of irregular 
forces is highly questionable. 


It is known that Schwarzschild's law of the ellipsoidal distribution of stellar velocities is an important part of 
modern stellar dynamics. Already in 1907, K. Schwarzschild himself showed that the law was in satisfactory agree- 
ment with observational data. The acceptance of the fact that Schwarzschild's law is strictly obeyed at all points 
of the Galaxy served as the basis for the classical investigations of Jeans, Eddington, Oort, Chandrasekhar and, at 
least to some extent,of Lindblad. The results obtained from this theory on the relation between the velocity -ellipsoid 
semiaxes and Oort's constants A and B (Lindblad’s equation),and also the results on the relation between the circular 
velocity of the centroid and the distance from the center,are in satisfactory agreement with observations made on 
our Galaxy as well as on the other galaxies (in the case of the latter relation). 


At the same time we do not know of any process which in stellar systems would lead to a distribution of 
peculiar velocities of the type of Schwarzschild’s law, 


This circumstance is the reason for the unusual situation in stellar dynamics, which we can call the paradox 
of Schwarzschild's law. Schwarzschild's law exists and leads to the formulation of stellar dynamics, but the way in 
which it was established is uiknown. 


We can doubt, of course, that Schwarzschild’s law holds exactly at all points in a steilar system. We can 
see that it does not hold exactly simply from the fact that in stellar systems the velocity distribution is cut off 
as a result of the existence of a finite escape velocity. However, at the present time we do not have enough 
grounds for dismissing it as a valid approximation, 


In what way does one or another form of the stellar-velocity distribution get established in a stellar system? 
To this question only two, fundamentally different, answers are possible, First, irregular forces are absent and 
the distribution of velocities reflects the law for the distributuion of regular-orbit elements which was established 
at the time of formation of the given stellar system; we can call this the “cosmogonical" law of velocities. 
Alternatively, there are random irregular forces acting in the stellar system which establish in a sufficiently short 
time (for example,comparable with the period of rotation of the given stellar system) the statistically most prob- 
able velocity distribution, at least within the densest inner region of the stellar system. In this case we can call 


the law of velocities “statistical.” 


Is it possible for us to make achoice between these two alternatives? Undoubtedly it is. We have already 
mentioned that from the theory of the regular stellar motions it is impossible to arrive at a theory of the equilibrium 
figures, i.e., the structure of stellar systems, as well as of their evolutionary changes. 
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However, the second (statistical) approach requires a short relaxation time. This is not supported by direct 
calculation, But, on the other hand, we have a number of observations which indicate indirectly that the relaxa~ 
tion time in galaxies is less than the period of their rotation. 


First of all, we must consider the observed character of the rotation of galaxies which in practically all of 
the cases is rigid-body rotation,as we can easily show, 


Rigid-body rotation by itself is quite convincing evidence of the presence of operative interaction forces 
between the individual particles — the stars —. analogous to the presence of viscosity in physical media. In addition, 
it makes any theory that neglects the action of irregular forces even more unrealistic since it is very hard, if not 
impossible, to conceive of any cosmogonical process which secures for the regular orbits of all the stars the same 
angular velocity of rotation of their lines of apsides. 


Let us first consider the nuclei of normal spirals. In all eight cases for which observational data exist: M31, 
NGC 4594, 4559, 3556, 3034, 7640, 6015 and 4244, there is rigid-body rotation within the limits of observational error, 


In so far as the nuclei of the spiral galaxies are dynamically isolated systems, the question inevitably arises: 
what are the forces which initiate and then maintain this type of rotation? The only answer possible is that in 
these systems there must exist forces, analogous to the forces of internal friction, i.e., forces of the irregular type. 
To determine the nature of rotation of elliptical galaxies, at the present time we are forced to use the single ex~- 
ample of the galaxy NGC 3115,of type E7; as the result of measurements made at Mt. Wilson Observatory rigid-body 
rotation was also found for the case of this galaxy. 


We can determine the nature of the rotation of normal-spiral galaxies from two examples; M31 and M33, 
for which Babcock, Mayalland Aller have obtained the radial velocities at various distances from the center. In 
both cases there is agreement with the following equation which is derived theoretically from the Schwarzschild 
laws 
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where vq is the circular velocity of the centroid and R the distance from the axis of rotation. However, within 
the observed boundaries of the galaxies which are determined by the condition 


Ree he H (3) 
Equation (2) yields approximately 
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i.e., once again a rigid-body rotation. Finally, we have to consider barred spirals. In this case, unfortunately, 
there are no spectroscopic measurements available from which we candetermine the law of variation of velocity 
with distance from the axis. This is at least partially explained by the fact that when a galaxy is seen “edge-on” 
it is hard to classify it as belonging to a definite type. However, even without measurements it is obvious that if 
the barred spirals rotate at all, then their rotation must be of the rigid-body type, as otherwise their elongated 
body would be completely deformed after the first turn. 


Thus, with the reservations noted above, all the galaxies exhibit rigid-body rotation. But, as we have seen, 
this means that in them there must exist a statistical mechanism for smoothing out the stellar velocities, analogous 
to internal friction or viscosity. 


In addition to this evidence, we also have siren! indications that even in our Galaxy the relaxation time 
is considerably shorter than its “classical” value, 10” years. In one of my earlier papers, I showed, using the 
short-period cepheids as an example, that considering the number of stars of a given type which have velocities 
greater than the escape velocity (30 km/sec), the relaxation time cannot be longer than 10° years, i.e,, at least 
four orders of magnitude smaller than the “classical” value [5]. 


Finally, from Equation (1) we see that the value of the relaxation time is strongly dependent on the mass 
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of the perturbing bodies. To calculate this more accurately, let us assume for the time being that all the stars of 
the Galaxy form condensations of the type of stellar clusters. Let the average mass of each cluster be M=n-m 
where n is the average number of stars in a cluster. In doing this, instead of the stellar density y in Equation (1) 

we have to use the density of the spatial distribution of stellar condensations which is clearly equal toy/n. We 
will show that the other factors remain practically unchanged. In fact, the initial velocity of a star relative to the 
centroid (peculiar velocity) must remain unchanged, the mean velocity ¥ of the perturbed star relative to the perturb- 
ing body will be decreased in the ratio 1 ; V2 if we assume that the peculiar velocities of the condensations are 

very small. Finally, the radius of approach p will be increased by the factor Vn. If we neglect, in the first 


approximation, the changes in ¥ and py then relaxation time T, in the case of condensations will be given in terms 
of T by the relation; 


T 4 
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Taking n= 10°, i.e., the average mass of the condensations to be of the same order of magnitude as that of the 
globular clusters, we obtain 


T;, = 108 years (5) 


i.e., a value of the same order of magnitude as the period of rotation of the Galaxy. Even if, to be on the safe 

side, we consider that only a tenth of all the stars in the Galaxy belong to the condensations, we still obtain 

T,~ 10° years, which is less than the time necessary, on the average, for a star to move through a distance equal 

to the diameter of the Galaxy with an average peculiar velocity of 20 km/sec. To this we can also add that we 

have completely neglected the possibility of the condensation of diffuse matter, which, as a rule, has a tufty 

structure. For further details, we refer the reader to another of our papers [5] where there are references to independent 
wee of other authors who conclude that condensations of diffuse matter exist with masses from 10? to 

1 M6: 


3. Outer Boundaries of Stellar Systems, 


The question of the outer boundaries of stellar systems arose after it was shown with the help of recording 
microphotometers ‘that the blackening in photographs of galaxies extends considerably beyond their visible boundaries, 
gradually decreasing to zero at distances several times greater than the visible diameter. 


On the other hand, the hydrodynamical theory of stellar systems based on the hypothesis of the universal 
applicability of Schwarzschild's law leads to an "isothermal" model of a stellar system (i.e, to a constant. dispersion 
of the velocities parallel to the radius vector) and to a stellar density decreasing with distance as RR is the radius 
vector) [3], which results in an infinite radius and an infinite mass. 


Thus in the last ten years, it has become widely accepted in stellar dynamics that the dimensions of stellar 
systems are indeterminate and,if models are considered, then an adequate model would be one in which the stellar 
density tends asymptotically to zero with increasing distance, i.e., a model with an infinite radius and a finite 
mass, Unfortunately, up to the present time all attempts to set up this model theoretically have failed. 


Therefore, there is a fundamental contradication also in the problem of the external boundaries in stellar 
dynamics: observations indicate the absence of a definite boundary in stellar systems and, in effect, an infinite 
radius, but then the theory leads to an infinite mass, which is obviously without any physical meaning. 


However, is it really so? 


Firstly, that which we call the visible boundary of a galaxy must undoubtedly have a definite objective 
meaning, since the diameters are uniquely related to the integral visual magnitude of the galaxy, m7, through 
the well-known Hubble relation (for example, see reference [4], p. 318): 


my + 5 log d=C, 


and they can be used to determine the mean distances to the galaxies. 
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If we take a closer look at the photographs of galaxies (a good example is the well-known series of photo- 
graphs in three colors of the galaxy NGC 4594), we see that the spherical component appears to be in the form 
of a halo in which the disc component, the main body of the galaxy, is embedded. Only the disc component 
possesses any structural features. The halo, on the other hand, is structureless. Therefore, if we speak of the 
structural differences between galaxies of various types, S, SB, or E, then we can only refer to the main body of 
the galaxy. In the case of spirals the main body will be the same as the disc component, in other cases with the 
mass enclosed by the visible boundaries of the galaxies. 


In stellar dynamics the halo has a role analogous to that of the container walls in the theory of gases. In 
fact, in the theory of gases a molecule which hits the wall recoils with a velocity whose magnitude and direction 
is determined from the condition for maintaining a stationary phase distribution. But this is exactly the role played 
by the halo. In place of a star which leaves the main body and moves into the halo, another star moves back into 
the main body after describing in the region of the halo an appropriate segment of its Keppler orbit. If the phase 
distribution is stationary, then the exchange of stars between the main body and the halo will maintain it in ex- 
actly the same way as in the case of a wall, The only difference between the case of a gas and a stellar system 
is that in the former case the same molecule will move back after reaching the external boundary, while in the 
case of the stellar system in place of the escaping star another star will enter the main pe from the opposite 
direction, 


However, as we have seen above, the stars inside the main body are indistinguishable, in the sense that in 
the dynamics of stellar systems the only meaningful quantities are the distribution of phase trajectories and the 
distribution of stars among the trajectories. From the point of view of stellar dynamics, it does not matter which 
individual star is at any given moment in a specified trajectory. The stars also lose their identity because under 
the action of the irregular forces they keep jumping from one orbit to another. 


It is also important to note that the level surfaces of stellar density in the halo are in the form of concentric 
ellipsoids (for example, see the well-known photographs of NGC 4594 taken by Baade in three colors), as the result 
of which the attraction of the halo at points inside the main body, generally small because of the small mass of the 
halo, becomes completely negligible. 


We can therefore assume that the galaxies behave as if enclosed in a hard adiabatic envelope which can only 
be penetrated by stars whose velocities exceed the escape velocity. 


We will show that from the point of view of stellar dynamics also, the mass of any stellar system can be 
naturally divided into two qualitatively different parts: the inner (sensd) part, or the main body, and the halo 
(the external, rarefied part). 


In fact, the basic equation in stellar dynamics is the Boltzmann equation: 


Df 


density. As is known, if for any system the phase density satisfies Equation (6), then for the system, by simply 
averaging Equation (6), we can obtain the usual hydrodynamical equations, i.e., we can consider any such system 
as a continuous medium, 


We will show that for only some of the stellar systems can the phase density be determined. To do this, the 
stellar system must obey certain conditions which depend on its dimensions (the scale of its structural shape) and the 
stellar density. For this purpose we will use the concept of an elementary macroscopic volume (or the y -volume, 
as it was called in our 1948 paper [3}). 


Let us consider an arbitrary stellar system containing a large number N >> 1 of stars and occupying a 
sufficiently large volume of space V, which can also be infinitely large. Let us take an arbitrary point in space 
X CV and surround it by an elementary macroscopic volume dX. By dX we will mean a volume which satisfies 
simultaneously twocontradictory requirements: 


1. Its dimensions must be small by comparison with the characteristic dimensions of the structural features 
of the galaxy in the neighborhood of the point X. If dX satisfies this condition, then inside this volume we can 


where D/ Dt is the Stokes derivative in the phase space of the coordinates and the velocities, and f if the phase 
consider the stellar density y(X) to be quasi-constant, while we can take the volume dX to determine the local 
| 
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properties of the stellar system in the vicinity of the point xX. 


2. On the other hand, dx must be large enough so that the number of stars in it at any given time 


dN = p(X) dX (7) 
must itself be large enough in order that we can determine the distribution function of the stellar velocities. 


This procedure, for example, we can think of as follows: knowing the velocity components for each star, we 
can represent a star by a point in an arbitrary stationary coordinate system. Repeating this for each of the dN>» 1 
stars, we will construct a cloud of representative points. Taking an arbitrary poirt Y inside the volume occupied 
by the cluster (in this case its volume will obviously be finite), we again enclose it in a volume element dY, which 
in some respects will be similar to the elementary macroscopic volume dX mentioned above [Equation (7)], since 
dY must also characterize the local structural features of the cluster. However, there is a fundamental distinction 
between dX and dY, since the minimum dimensions of dY will only be determined by the necessity for smoothing 
out the inherent fluctuations in the velocity distribution. 


Repeating for all points the reasoning given above, we obtain the distribution function for the velocities and 
the coordinates, i.e., the phase density. 


We can estimate approximately the necessary number of stars dN in the volume dX from the following con- 
siderations. To determine the distribution function of one characteristic X, the number of determinations of the 
value of X necessary is, at least, of the order of a hundred. To obtain the distribution function of three characteristics 
“aaa components), n® observed values are necessary, which we can conservatively take to lie between 10° and 
10°.* 


From this we can conclude that the Boltzmann equation and all the deductions following from it (including 
hydrodynamical equations) can be applied only to those stellar systems, or their internal regions, where at every 
point we can determine the elementary macroscopic volume. 


Only with the help of the elementary macroscopic volume are we able to determine such “macroscopic” 
quantities as the velocity of the centroid, which is the analog ofthe hydrodynamical flow velocity, or the dis- 
persion of peculiar velocities, which is the analog of the viscosity component of the stress tensor in a liquid. 


To determine the velocity of the centroid at a given point X in space (irrespective of whether there is a 
particle,astar, at this point or not), we enclose it by a-small volume and determine the mean value of the vector 
sum of the velocities of all stars whose centers lie inside the volume dX. Formally, to determine the mean velocity 
it is necessary to have only a small number of particles. However, in order that the centroid velocity obtained 
should actually represent a hydrodynamical velocity, it is necessary that it be independent of both the shape and 
the size of the volume dX. It is obvious that in stellar dynamics (as in any dynamics of rarefied media) it is 
meaningless to make dX contract to the point X, as is usually done in hydrodynamics, since the diameter of the 
volume dX must be large compared to the mean distance between the particles or stars. 


If the number of stars contained in the volume dX is very large then, as its size and shape is changed, the mean 
value of the velocity will remain practically constant because of the law of stability of the mean value for an 
arbitrary selection from the given ensemble which, for example, can mean the ensemble of stars situated inside 
the sphere with center at the point X and whose radius is equal to the upper limit of the dimaters of all the volumes 


dx. 
The same is obviously true for all the other macroscopic quantities (second-order moments of the peculiar 


velocities, etc.), independently of whether we take the masses of the stars to be equal or not. The introduction of 
a mass distribution for the stars is very unimportant and will only slightly modify our discussion; therefore, we will 


not consider this question here. 


It is obvious that for any stellar system with a finite mass, the region in which the concept of an elementary 


*For systems with spherically symmetrical distributions of velocities and coordinates (of the type of globular 
clusters) the conditions for determining the elementary macroscopic volume appear to be less strict because of 

the absence of appreciable structure. However, to be certain that a given system is indeed spherically symmetrical, 
it is necessary to obtain a six-dimensional phase distribution. 
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macroscopic volume can be applied has a finite diameter. In the case when the density gradually decreases to 
zero, there must be a distance beyond which the determination of this volume becomes impossible. Outside this 
limit the phase density will also lose its meaning. 


4. Summary 


Thus, in any stellar system we can identify two qualitatively different parts; the inner part-the main body 
of the galaxy, where its structure is determined by the Boltzmann equation and where the stellar system can be 
considered to be continuous medium, and the outer part — the halo, where the stellar system can be considered 
to be essentially discrete. Within the boundary of the main body the separate orbits of the individual stars are 
practically of no importance, just as in a laboratory gas the trajectories of the individual molecules are not im- 
portant. On the other hand, in the halo, the individual orbits of the stars are of primary importance and all the 
internal parameters of the halo (stellar density, velocity ellipsoid, etc) are determined by the distribution function 
of orbit elements of the individual stars. In general, the motion of stars in the halo will be determined by the 
gravitational field produced by the main body of the galaxy. 


From what has been said above, it does not follow that the trajectories of the individual stars do not exist 
within the main body. This may be seen from the fact that in a stationary system any phase point uniquely determin« 
an orbit. Therefore, the phase density uniquely determines the distribution of the orbits (of their elements). Be- 
cause of stationarity (the phase density is independent of the time), the distribution of orbits remains unknown and, 
consequently, as the result of the action of the irregular forces, the stars can only jump from one orbit to another, 
while the number of stars in each orbit at each instant of time remains constant. Therefore, it is possible to in- 
vestigate the individual orbits inside the main body. However, as we have pointed out above, this is insufficient 
for the solution of the principal problem in stellar dynamics; the finding of the theoretical equilibrium figures of 
stellar systems, 


It is clear that the determination of a concrete boundary between the main body and the halo is associated 
with the well-known uncertainty. However, from the point of view of observation, there are no difficulties involved 
in determining the external boundaries of galaxies. As regards theory, its aim should therefore be the description 
of the shape and sizes of the galaxies of various types if their dynamical parameters are specified; mass, energy, 
moment of momentum, etc. 


Thus, the development of a theory of galactic structure into two associated, but fundamentally different prob- 
lems; the investigation of the internal structure of the ‘galaxies (of the main bodies), where the main method of 
approach should be hydrodynamical, and the investigation of the structure of the halo, where the methods of the 
statistics of discrete ensembles should have the main role. The aim of the investigations of the internal structure 
is the development of a theory of the equilibrium figures and of the evolution of the central regions of the galaxies 
which are enclosed, in all probability, by what we have called the visible boundaries of the galaxies. The aim of 
the investigations of the halo is to determine the distribution of the individual stellar orbits. The common boundary 
between the main body and the halo, which we can call the effective surface of the galaxy, serves to connect the 
solutions of the two problems. 


In this respect, the dynamics of galaxies is analogous to the theory of stellar structures which can be divided 
into a theory of internal structure and a theory of stellar atmospheres. In stars these regions are qualitatively 
different and therefore two different methods of investigation are required. In the dynamics of galaxies, as in 
stellar physics, it is incorrect to attempt an investigation by the one method of the structure in the whole region 
from the center to the outermost layers. Many of the fundamental difficulties which are now in the way of the 
development of the dynamics of stellar systems can be explained as arising from just the underestimation of the 
latter circumstance. 


From the above it follows that in principle it is possible to apply the methods of statistical mechanics to 
the problems of stellar dynamics. 


In conclusion, as an example, we will consider the problem of determining the elementary macroscopic 
volume in the vicinity of the sun in the Galaxy. As is known, the density of stars at the point at which the sun 
is situated is equal to 0,1 stars per ps*. Therefore, a cube of side 100 ps will contain 10° stars and in this respect 
it would be suitable as the volume we are looking for. However, it is too large to characterize the local properties 
of the Galaxy, since in the direction of the z-coordinate the stellar density decreases according to the barometric 
law. 
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V(Z) = voe7/8, (8) 


in which 8 = 380 ps on the average. From this we conclude that at a distance of 100 ps from the galactic plane, 

the stellar density changes by 40%. Therefore, we can say that the point where the sun is situated, i.e., at a distance 
7.2 kps (see reference [4], p. 286) from the center, the elementary macroscopic volume is already fairly difficult 

to determine. This is in good agreement, on the one hand,with the fact that the maximum of the circular velocity 
of the centroid of our Galaxy is at a distance of 6.5 kps from the center (see reference [4], p. 389), i.e., nearer to 

it than the sun. From this follows that the sun is situated outside the main body of the Galaxy, although close to 

its edge. On the otherhand, this also agrees with the conclusion, obtained by V. A. Ambartsumian [6] from an 
analysis of the surface brightness of our Galaxy, that for an observer placed at a great distance outside the limits 

of our Galaxy the point where the sun is situated must be outside the visible boundary of the Galaxy. 


Finally, one more remark on the application of the Boltzmann equation to the problems of dynamics of stellar 
systems. In the most general case, when in addition to the regular forces the irregular forces are also taken into 
account, this equation, as is well -known,takes the form 


Df of 
tees cove (9) 
which differs from the homogeneous equation (6) by the presence of the right-hand side, where @ f/0 t); denotes 
the rate of change of the phase density produced by the presence of irregular forces. It is usually neglected because 
in stellar systems these forces have a negligible effect on the phase density. Can we apply the homogeneous 
equation (6) also to the internal regions of galaxies if we use the converse hypothesis, i.e., if we consider that the 
action of irregular forces is very effective? Undoubtedly we can, if the phase distribution that has become established 


is the most probable one among all the possible distributions, since in this case the irregular forces will not only 
not disrupt the distribution, but will also tend to maintain it indefinitely. 
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PLANETARY RING NEBULAE 


G. A. Gurzadian 


It is shown that planetary nebulae are not isothermal 
throughout the whole volume of the gaseous sphere but 
consist of two parts — the central region, where the electron 
temperature depends on the temperature of the nucleus and 
is of the order of 30,000-60,000°, and an outer region which 
is cooler, The usually accepted value of the electron 
temperature of planetary nebulae, on the average equal 
to 10,000°K and independent of the temperature of the 
nucleus, is that of the temperature of this outer, cooler, 
and denser part of the nebula. 


It is widely accepted that the planetary ring nebulae are not uniform gaseous spheres but have a rarefied 
region in the interior. Curtis, from a study of over forty photographs of planetary nebulae, estimates the thickness 
of their shells to be of the order 0.1-0,5 of the external radius of the nebula [1]. Since it is very improbable that 
the internal region of the nebula is completely empty, we have there a medium whose density is to some degree 
less than the density of the shell itself. Because of projection,the nebula can sometimes appear as a ring, if the 
difference of the densities in the two regions is sufficiently large. In this case we will have a ring nebula. 


On the other hand, as we will see below, the existence of planetary ring nebulae, i.e., formations with a rarefic 
inner region, is incompatible with the fact of their comparatively slow expansion, as well as with the assumption 
that they are isothermal throughout the whole of their volume. 


For the investigation that follows it is necessary to estimate in some way the degree of rarefaction of the 
central regions of these nebulae, i.e., the relative density of matter in them. This can be made fairly simply and 
it is sufficient to have observational data on the ratio of the radii of the external and internal boundaries of the 
visible "ring," as well as the ratio of the surface brightness at the center of the "ring" and the surface brightness 
at its internal boundary. 


Let us agree to call the inner rarefied part of a ring nebula the "region A” to distinguish it from the shell 
which surrounds this region. 


Let us consider a ring nebula with an inner rarefied region whose external and internal radii are equal to ry 
and ry, respectively, Let the average hydrogen-ion concentration be n, in region A and n, in the shell, It is obvious 
that I,, the surface brightness of the nebula in hydrogen lines in the direction passing through the center of the 
nebula (along the line 1-1 in Fig. 1), will be the sum of the radiation from region A, corresponding to an ion con- 
centration ny, and the radiation from the front and rear regions of the shell, corresponding to an ion concentration 
ny. In the direction 2-2, however, which passes through the inner boundary of the shell, at a distance r, from the 
center, the surface brightness I, will be determined by the ion concentration n,, Taking into account that the 
amount of energy radiated by a unit volume of the nebula is proportional to the square of the ion concentration 
(provided that the ion concentration is equal to the free-electron concentration) and also that the nebula is trans- 
parent to radiation in the optical region, we can easily deduce the following expression for finding the ratio of the 
concentrations ny/ ngs 
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= fo[(22) a)" (2 — 1))", a) 


where 6 is the ratio of the surface brightness at the center of the ring nebula to the surface brightness at the inner 
edge (or at a distance rt, from the center), i.e., 


n I 
on A (2) 
2 


and is found from observation. For typical ring nebulae 6 must be less than unity, 


Let us consider the following limiting cases. 
Suppose that the region A is completely empty, i.e., 
ny= 0, Then the theoretical value of 6 will be a mini- 
mum and equal to 


N (2 /r1)— 1 
8mig= ————_ - (3) 
rar “Tra/ na? — 17" 
In the case when there is no rarefaction, i.e., 
Ny = ny, the theoretical value of § will be a maximum 
and equal to 


ro/ty 
= — 1, (4) 
max (raf ra)t—1y 2 
Since in typical ring nebulae the condition that 
0 < ny < np holds, the observed value of § must be less 
than 6 but greater than 6 nin’ ICs, 


max’ 


To the observer. 


Sin 8 <8 max: (5) 


Let us apply the above considerations to the well- 
known ring nebula NGC 6720 in Lyra for which there are available the isophotes of surface brightness obtained 
by Aller for the line H,A4340[2]. From these isophotes we find that I,, the brightness of the nebula NGC 6720 at 
its center, is equal to about 63, in arbitrary units, while at the inner edge of the ring I, is equal to about 100. 
This yields 6 = 0.63. Curtis finds that the relative thickness of the shell in NGC 6720 is 0.4. This gives rp/ ry = 1.7. 
Using these data, we find from Equations (3) and (4) that 6 ,,jp = 9.5 and &max = 1.2, i.e., the observed value of 
6(6 = 0.63) satisfies the Relation (5) and, consequently, the internal region of the nebula is not completely empty. 


Figo. 


Substituting 6 = 0.63, 1/1, = 1.7 into Equation (1), we find 
ny 
mi 0.37. 
From our measurements we have r,/ 1, = 2, which gives 


ELS BY WCT Ap 


UP) 


i.e., the ion concentration in the central rarefied region of the nebula NGC 6720 is approximately one-third of 
the concentration in the shell. This, at first sight,small difference leads to a decrease of the coefficient of 
emission from the center of the nebula by approximately a factor of ten. 


NGC 7293 is also a typical example of a ring nebula. In the case of this nebula we haves* the brightness 


* The measurements were made by E. S. Parsamian on a photograph in red light taken with the 700 mm telescope 
of the Abastuman Astrophysical Observatory. 
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at the center in arbitrary units is approximately 1.20; near the inner boundary it is 2.10. From this we find that 
§ = 0.57, For the ratio of the external and internal radif we have r,/ry © 1.7. Using these data we find from (1) 
that 


which indicates that the nebula NGC 7293 is to some extent similar to nebula NGC 6720, in the sense that their 
internal structures are the same. 


Let us now go back to our basic problem. We have remarked above that the fact of existence of planetary 
ring nebulae appears to be incompatible with their low rate of expansion. The point is that even a static nonex- 
panding nebula will gradually increase in size as the result of the diffusion of gasesous matter into space with a 
velocity of the order of the thermal velocity of the hydrogen atoms. The latter velocity is of the order of 10 km/ sec. 
Therefore, vo = 10 km/sec will be the smallest possible velocity of “expansion” of the nebula. The observed ve- 
locities of expansion are of the order of 20 km/sec., i.e., they differ little from the thermal velocities. On the 
other hand, if we assume that the nebula was formed as the result of a catastrophic ejection or the separation of 
a mass of gas from the central nucleus and that right from the very beginning it had the shape of a hollow sphere, 
then there are no reasons for assuming that the thermal expansion cannot also take place from the inner boundary 
of the nebula. As a result, the thickness of the shell must increase by expansion from both sides — the internal as 
well as the external surface. If, for example, the proper velocity of the expanding shell is equal to 10 km/ sec., 
then the actual velocity at the outer layers of such a shell must be 20 km/sec, while it must be zero at the inner 
layers. In other words, during the time that the outer surface will move farther and farther away from the center, 
the inner surface will remain motionless and will always be at the center. As the result of this, we will not have 
a ring nebula, but a nebula which is uniform throughout its whole volume. 


Actually, the velocities of expansion of the planetary nebulae are greater than 10 km/sec and, therefore, 
a “cavity® must anyway be formed at the center of the nebula. However, in this case the theoretical value of as 
r,/r, is found to be considerably less than the value which we obtain from observation. Let us investigate this 
problem in some detail. 


Let vo denote the observed velocity of expansion of a "hollow" nebula. Obviously, vp represents the sum of the 
true velocity of expansion of the nebula v and the thermal velocity of the hydrogen atoms (forming the main body 
of the nebula) u. We take y and u to be constant within a certain interval of time. Then we will have the following 
equations of motion for the external and internal surfaces of the nebula, jrelative to the centers 


ry = (V+ ut+ h = rot +h; 
ry = (v—u)t = (vy) — 2u)t, 


(6) 


where his the initial thickness of the nebula. For a sufficiently large value of t, from (6) we will approximately 
have 


r Vo — 2u 
1 Ole 


Era iin ais ne 


It is usually considered that the electron temperature T, and, consequently, the thermal velocity of the 
hydrogen atoms u do not vary appreciably from one planetary nebula to another. Te is taken to be, on the average, 
equal to 10,000°K which corresponds to a thermal velocity u= 13 km/sec. The expansion velocities v can be 
different fro the various nebulae. As a result of this we can obtain a theoretical dependence of 1,/ TY on Vo from 
the Equation (7), Fig. 2 gives the curve of this dependence for the case u = 10 km/sec. In Fig. 2, the points give 
the observational data on the 13 planetary nebulae for which the velocity of expansion vg and the ratio of the radii 
t,/ ty are known (Table 1). The former are taken from the paper of Wilson [3], the latter from the estimates of 
Curtis [1] and Wilson's measurements [3] (these are indicated by an asterisk in Table 1). 


From the figure given, it follows that, as a rule, the observations give considerably greater values for the 
ratio of the. radii r,/r, and, consequently, considerably smaller values for the relative thickness of the nebulae, 
than the values which follow from a "normal" expansion of the nebulae; almost all of the points are above the 
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theoretical curve. Further, the nebulae which have an expansion velocity less than 20 km/sec should not have 
a central “cavity” at all. At the same time they represent nearly one-half of the nebulae given in Table 1. 


TABLE 1 
NGC | 7,|12 Vo, km/sec NGC | TyIT2 | Ve, km/ sec 
1535 0.7 19.8 6720 0.6 24.5 
1418 0.6* 20 6741 0.4 KOei 
2165 0.4 20 6818 On 24.8 
J900 0.6 17.8 7009 0.7 17.8 
2392 0.5* 530 7026 0.6 40.8 
3242 0.6* 15 7662 ORGs 25 
6543 0,6 as 


It is apparent that there must be some reason for the formation of a central "cavity" in planetary nebulae 
in those cases when it should be completely absent, i.e., when vo < 20 km/sec, as well as some reason forthe 
expansion of the inner surface of the shell with a velocity considerably in excess of the value vy — 2u in those 
cases when vp > 20 km/sec. The reason for the above phenomena must lie in the fact that in the central regions 
of the planetary nebulae there are high electron tempera- 
tures, several times higher in magnitude than the usually 
accepted value T, = 10,000°K which, strictly speaking, 
only refers to the shell, i.e., to the dense outer region 
of the nebula. 


Let us assume that the boundary separating the 
shell from the region of the "cavity" is in a state of 
equilibrium, i.e., the relative velocity (with respect to 
the shell) of this boundary is equal to zero. This is only 
possible when the pressures on this boundary from both 


—EE 
WG 2 WH W a G0 sides — from the direction of the shell and of the “cavity” 
oan ae —are equal. Neglecting the radiation pressure produced 
Fig. 2. by the Le radiation of the nebula itself, the attraction 


of the central star, and only taking the gas pressure into 
consideration, at this boundary we will have 


To) = Nol ory (8) 


where Te, and Teg are the electron temperatures of the central region ("cavity") and the shell, respectively. The 
latter is Te, = 10,000°K. 


However, all of the data, in particular, the increase of brightness and, consequently, the increase of the 
density at this boundary which is frequently observed in planetary nebulae, indicate that this boundary is not in a 
state of equilibirum but, on the contrary, that it moves outwards with some acceleration. In other words, on this 
boundary we have the following condition: 


To > Mal en (9) 
From this we obtain for the temperature of the central region ("cavity") of the nebula 
7 n 
Pa >a, Te (10) 


Above we found n,/n, ~ 3 in the case of the nebulae NGC 6720 and NGC 7293. Therefore, the electron 
temperatures in the central regions of these nebulae are 


T > 30000° K. (11) 
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Thus, although in principle from these observational data we can obtain the hydrogen-ion concentrations 
in both regions of the nebula, we can only obtain the lower limit to the electron temperature. 


In what way can such a high electron temperature arise in the central regions of the planetary nebulae? To 
answer this question, let us first of all refer to the data given by observation. Curtis and, particularly, Wilson have 
measured the dimensions of the monochromatic photographs of several planetary ring nebulae. They found the 
well-known law governing the sizes of the images, according to which the dimensions of a monochromatic photo- 
graph usually decrease with the increase of the ionization potential of the element producing the given line. Of 
particular interest are the photographs in the light of the lines ) 3426 [Ne V] and 4686 [He II]. It is found that 
the external radii of these photographs almost coincide with the radius of the “cavity.” This fact deserves special 
attention. More often the following occurs: the nebula in the hydrogen lines has a ring-like shape, while in the 
line 2 3426 [Ne V] it has the shape of an exact disc (but not a ring!) with a diameter approximately equal to the 
diameter of the "cavity" (for example, in the nebulae NGC 2165, 7662, and others). In other words, the mono- 
chromatic photograph in 3426 [Ne V] can "fit in” almost completely into the central “cavity” of the ring nebula. 


Normally, the ) 4686[He II] line arises from cascade transitions, the start of which corresponds to the doubly - 
ionized state of helium. On the other hand, the forbidden line 3426 [Ne V] arises in nebulae from the transitions 
of the type 2p’. In other words, for the excitation of these lines it is necessary that the helium is ionized twice 
and the neon four times. Doubly ionized helium and quadruply ionized neon, among the ions observed in planetary 
nebulae, have the highest ionisation potentials, equal to 54.2 ev and 96 ey, respectively, which correspond to ion- 
ization-producing wavelengths of less than 240 and 130 A, respectively. This means that the optical thickness of 
the “cavity” (up to the inner boundary of the nebula) for waves with  < 130 A is of the order of unity, From this 
we can estimate the upper limit to the optical thickness of this region of the nebula at the frequencies of the Lyman 
continuum of hydrogen (A < 912 A). It is found to be of the order of 10°? which indicates that the hydrogen in 
this region is almost completely ionized, 


Further, because the radiation density is relatively high in the far ultraviolet, the mean energy of the electrons 
removed from the hydrogen by the photoionization will be considerably higher in the inner regions of the nebual 
than in the outer regions (in the shell). In nebulae, the electron kinetic energy is usually transmitted to singly 
and doubly ionized oxygen, nitrogen and other easily excited ions and the energy is thenreradiated in the form 
of forbidden lines. In the inner regions of the nebula, on the other hand, the conditions are totally different: here 
the oxygen, nitrogen, and the other elements will be ionized three or more times, Therefore here we can only 
consider the emission of forbidden lines excited by electron collisions with precisely the multiply ionized elements. 
Unfortunately, as yet we do not know many of the physical parameters concerning the forbidden lines of most of 
these elements. However, starting from the observation that usually the excitation potential for exciting a metastable 
level rises with increasing degree of ionization of a given element, we can conclude that even after an electron 
loses its kinetic energy in a collision with these ions its residual "unutilized “ kinetic energy will correspond to 
a temperature considerably higher than 10,000°K. In other words, the higher the degree of ionization of the nebula, 
or of any region of it, the smaller is the degree of cooling. 


TABLE 2 
NGC | T, | cae} | NGC | sie | en 
1535 37000° 32000° 6720 75000° 59000° 
1418 40000 34000 6741 84000 59000 
2165 84000 59000 6818 599000 43000 
2392 40000 34000 7009 83000 58000 
3242 76000 59000 7026 64000 48000 
6943 58000 45000 7662 88000 61000 


We can try and estimate the upper limit to the electron temperature in the central region of the nebula in 
the absence of cooling, i.e., if we assume that the electrons retain all of the energy they acquire. It is clear that 
the electron temperature estimated in this way will already depend on the temperature of the nucleus. Similar 
calculations were carried out in Reference [4] for the case of an optically thinnebula which corresponds to our case and 
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the magnitudes of the electron temperatures were obtained for various values of the temperatures in the nucleus 
(with the assumption that the electron-velocity distribution is Maxwellian). Using the results of these calculations, 
we have estimated the upper limits to the electron temperatures in the region of the "cavity" for the planetary 
nebulae listed in Table 1. The results are given in Table 2. The nuclear temperatures T, are taken from Reference 


[5], with the exception of the nebulae NGC 1535 and NGC 2392, where the temperatures of the nuclei have been 
taken from Reference [6]. 


From the data of this table, we see that the upper limits to the electron temperatures in the central regions 
of the planetary nebulae can be as high as 50,000-60,000%. The actual values of these temperatures must be 
somewhat lower, if we take into account the possibility of some cooling in the nebulae. 


The astrophysical methods of determining the electron temperatures in nebulae are based on the investigation 
of certain spectral lines which are usually emitted by the bright, i.e., more dense regions of the planetary nebulae. 
The result obtained was then extended, although without any foundation, to all of the other regions of the nebula. 
We now see that this idea of a planetary nebula, isothermal throughout its volume, appears to be incorrect; each 
ring nebula consists of two parts: a central, high-temperature region and an outer, cooler region. The ratio of the 
temperatures in these two regions can be as high as 4-5, Under certain conditions it is possible that this tempera- 
ture difference leads to the appearance and propagation of a shock wave through the nebula which is analogous to 
the occurrence of shock waves in ionized (HII) and unionized (HI) regions of interstellar hydrogen [7]. 
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THE SPATIAL STRUCTURE OF SOME PLANETARY NEBULAE 


Iu. K. Gulak 


A numerical method is given for determining the spatial distribution 
of brightness in a nebula, the layers of equal brightness of which can be re- 
presented as some figures of rotation. The observed distribution of brightness 
in the photographs of NGC 6720, 7009 and 7662 is interpreted from the point 
of view of a possible spatial distribution of radiating atoms OIII. The latter 
is given in Figs.2,3 and Table 1. The population of the 1p, level of the OII 
ion in these nebulae lies within the limits: 0.50 - 1077- 1.25 - 107*, 1.30 - 107 - 
- 9.90 - 10-4 and 0.43 - 1074 - 2.27: 107-4 cm*$, respectively. 


On the basis of L. Berman's data on the distribution of brightness in 
the Hg -concentration image of NGC 7009, the distribution of electron density 
and then the concentration of the ion OIII in the *P level were calculated. 
The values of the former vary from 2.2 - 10” to 8.9: 10° cm’®, of the latter — 
from 0.28 to 3.1. The distribution of Ne and Np is given in Figs. 4, 5. 


The density maximum of the hydrogen envelope is twice as far from 
the center of the nebula as that of the radiating atoms OIII, which probably 
points to different velocities of expansion. 
In the investigation of radiation transport in planetary nebulae the geometrical model taken for the nebula 

is of considerable importance. The nebula is usually considered to be a hollow spherical shell of gas whose thickness 
is considerably smaller than the radius of the sphere. This idealization of the structure has undoubtedly led to the 
discovery of the general physical processes taking place in the nebula, but in most cases this model is far from be- 
ing correct [1]. 


In the present paper the observed distribution of brightness in the photographs of the nebulae NGC 6720, 7009, 
and 7662 [2] is interpreted as the result of a distribution of radiating atoms. 


A study of the brightness distribution in the photographs of the nebulae NGC 6720 and 7009, the investigation 
of the shape of the isophotes, and of the total radiation from the various regions of the nebulae lead us to consider, 
with some justification, that the shapes of the nebulae can be represented by figures of revolution. If we assume 
that the axis of rotation lies in the image plane,* then in the plane AA‘ which cuts the nebula at right angles to 
the axis of rotation the contours of constant density will be in the form of concentric circles (Fig. 1). The bright- 
ness iy of a unit area on the edge of the image of the nebula is the result of the emission from the matter contained 
in a cylinder of length’ Z',; whose axis coincides with the line of sight. Since in this position the line of sight passes 
through the layer of constant density, it is clear that in the direction of the observer the emission from a unit volume 
situated inside this layer will be given by 


past. (1) 


*From an analysis of the isophotes and the statistical data we can sometimes obtain the limiting values of the angle 
between the rotation axis and the image plane and from this, in turn, we can make the appropriate correction to 
the structure of the layers of equal emission. 
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B. A. Vorontsov -Vel'iaminov has called this quantity “the spatial luminous density." 


The luminous density of the second layer of constant 
emission is given by the equation 


— tz — P1 [lie — los] 
Ce ee re 
21 
where i, is the brightness of a unit area of the image in 
the region B,, Py[2 32 —t24] is the contribution to i, from 
the first layer, Ly) is the length of the line of sight in 
the whole of the nebula, andZ,, is the length of the same 
line in the second layer.* 


Similarly, for the n+h layer we obtain 


n—1 
oy pe 4 [2 , nti-i feta, wea 
pe ee ee oy 
Pa, i 


n 


Thus, Equations (1) and (2) determine the relation 
between the brightness of the image of the nebula and 
its spatial luminous density. To be able to apply them, 
we must know the distribution of brightness along the line 
corresponding to the projection of the plane AA’ and 
the distances along the line of sight through the various 
layers of constant emission. 


Fig, i. 


From the assumed conditions we have that 


Lai BSE Vr an a, 
where rp is the radius of the circular contour of constant density which.passes through the middle of the layer of 
constant emission and a; is the distance of the chord 4j from the center. 


By traversing the image of the nebula in such a way that the planes of section are sufficiently close together, 
it is possible to determine the manner of the variation of the constant-emission layers. 


The advantage of the proposed method for determining the spatial structure of the nebulae is that when we 
apply it to objects possessing axial symmetry, we do not have to assume a priori the form of the constant-emission 
layers since we are able to tracé them out in the course of the investigation. In addition, it is suitable for an 
attempt to investigate quantitatively such remarkable and interesting objects as the Z-shaped nebula NGC 6778, 
the spiral-shaped nebula NGC 4361, and other similar nebulae. 


The distributions of brightness along the chords symmetrically situated with respect to the major axis in the 
nebulae NGC 6720 and 7009 are found to be quantitatively as well as qualitatively very similar. On the other hand, 
_ the variation of brightness along each chord occurs in a symmetrical manner with respect to the center, i.e., with 

- respect to the minor axis of the nebula. Thus, without an appreciable loss of accuracy, we were able to determine 
the luminous density for the nebulae by using a somewhat idealized model which was smoothed out in each parti- 
cular case. 


The values of the brightness at four symmetrically situated points were averaged and the average was plotted 
on a graph. Through these points we drew the curves of the variation of brightness along the chords parallel to the 


* The first subscript to 1 denotes the number of the layer corresponding to the given chord, the second subscript 
the serial number of the chord in the given layer, where the subscript 1 corresponds to the outermost chord 
formed by the intersection of the line of sight and the layer determined by the first subscript. 
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major axis. The values of the brightness obtained from the graph were used to calculate the spatial luminous 
density. 


Using the well-known relation 
M = — 14™18—2.5 log e, 


we expressed the luminous density M obtained in visual stellar magnitudes in terms of ¢, the illumination in luxes 
produced at the earth's surface by the light emitted from the nebular matter contained in one cubic second of arc. 


If we denote by R the distance to the nebula in meters, then the total flux in lumens is given by 
Fy = 4nRe 


Since the coefficient of visibility at the wavelengths of the nebular lines is equal to 200.3 lu/ w [8], the energy 
flux in ergs emitted by a cubic second of nebular matter will be 


pee (3) 
200.3 ° 
Taking into account the relation between the distance to the nebula R, a” its angular size, and a its linear 
size, we find from (3) that the energy radiated per second by a cubic centimeter of the nebula is given by 


-108 
E = ssi (4) 
where R is expressed in centimeters. 
On the other hand, 
E = (Ay,n, + An,n,) hn. (5) 


AN, and AN, ay the probability coefficients for the spontaneous transitions from the ae level of OIII into the 
states 8p, aad *P,, UNy and UN, are frequencies of the nebular lines, and ™p is the number of atoms in the state 
1 

De 


Substituting the values of the constants [4] and the distances to the nebulae NGC 6720, 7009, and 7662 [1] 
into these equations, from (4) and (5) we obtain 


= 2.423-10%, np = 3.634-10%, mp = 2.907-10%, (6) 


respectively, from which we are able to calculate the distribution of OIII atoms in the state 1p, from the known 
distribution of the luminous density in the nebulae being investigated. 


The distribution of luminous density in the 
nebula NGC 7662 was determined along a radius, on the 
assumption that the nebula is spherically symmetrical. 
The results are given in Table 1. The first column gives 
the distances from the center, the second the brighmess 
in visual stellar magnitudes per square second of arc, 
the third the luminous density(per cubic second of arc, 


TABLE 3 


r” M (4")~8 M (6 1) tes 


n p:10*cem~3 


m m 
15.31 19.85 


te 15.28 19.49 Ae and the fourth the number of OIII atoms per cubic 

3.0 15.22 18.81 1.85 centimeter in the state *D,, 

4.5 15.22 18.82 1.83 

6.0 15.22 18.59 2.27 The assumption of spherical symmetry is admissible 
LN i atid a eh a only for the outer regions of the nebul 

9:0 15 64 18.90 1.70 y uter regions of the nebula where the contours 
10.5 15.98 19.25 1.23 of equal brightness are almost circular [2]. In the central 
a pie sg Hee region (r < 7,5) this assumption is found to be invalid; 
45.0 | 417.69 Cuts we therefore, the estimates obtained for this region are very 


approximate and from them we can only obtain a general 
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picture of the structural features. In particular, we can assert that there is a region of reduced density inside the 


[oe NGC 7662. Taking into account the shape of the isophotes, we can assume that this region is ellipsoidal 
n shape, 


The results of the calculations giving the numbers of OIII ions in the 1p, level for the nebulae NGC 6720 
and 7009 are presented in Figs. 2 and 3 in the form of contours of constant density, The numbers which label 
the curves of constant density denote the value of np, the number of particles per cubic centimeter, 


600 1200 7800 24.00 “50.00 36.00 42°00 


Fig. 2. The distribution of the concentration of OIII ions in the level 4p. in the nebula 
NGC 6720. The numbers on the curves of constant density indicate the number np of 
OIII ions per cm* (Np has been multiplied by 10"). 


An analysis of the constant-density contours indicates that inside the nebulae NGC 6720 there is an ellipsoidal 
cavity; the eccentricity of the corresponding ellipse is equal to 0.67 (b = 9".75, a = 13".20). The major axis of 
the cavity lies in the direction of the minor axis of the nebula. The locus of the density maxima along any line 
drawn through the center of the nebula is a curve which is very nearly an ellipse with eccentricity of 0.54, Further, 
along any line through the center the density reaches its maximum value exactlyhalfway between the external 
boundary of the nebula and the boundary of the inner cavity. In spite of the fact that in the nebula NGC 7009 a 
continuous increase of the brightness is observed along the major axis towards the center, the density reaches its 
maximum yalue at a distance of 4".20 from the center and then decreases by more than a factor of two at the 
center. As in the case of the previous nebula, the density maxima lie on an ellipse with an eccentricity of 0.58. 

It is surprising that the eccentricities of the “ellipses of maxima” are found to be almost the same for both nebulae? 
Therefore, there is a region with reduced density inside NGC 7009; it appears that the shape of this region is also 
ellipsoidal. It is characteristic that in this case the “ellipse of maxima” also passeshalfway between the inner 


and outer density contours with the same value. 


The number of OIII ions in the level D, for the various regions of the nebula NGC 6720 lies between 0.50: 1077 
and 1.25 . 107° cm™’, which, on the average, is almost two orders of magnitude lower than for the nebula NGC 7009 
where this quantity varies from 1.30 - 10° to 9.91 - 104. It is possible that the density of radiating atoms in the 
brightest regions of the nebula NGC 7662 is somewhat higher than the calculated value assuming spherical symmetry, 


* We cannot consider this result to be of great importance, since in both cases the calculations were carried out 
with the assumption that the axis of rotation lies in the image plane. 
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however, it is unlikely to exceed the value of the maximum density in the nebula NGC 7009, The range of the d 
variation of the concentration in these nebulae differs little from that in the spherical nebula NGC 6572 (4.1 - 10-°- 
-9.8 - 1074 cm), the density distribution in which was studied by B. A. Vorontsov -Vel*iaminov [5]. 


It is of great interest to estimate the density Np of OIII atoms which are in the sub-levels *Poy. We cannot 
conveniently calculate Np for the various regions of a nebula using the mean value of the electron density. Taking 
into consideration that the distribution of electron density is known only for NGC 6572[5], we were able to carry 
out the calculations in the case of NGC 7009 only, using for this nebula the picture of isophotes in the Hg line 
reproduced by L. Berman [6]. Since the size of the image measured photometrically did not exceed 0.4 mm, 
Berman's map of the isophotes is less detailed than ours [2]. The surface brightness was measured in stellar magni- 
tudes, but the zero point of the scale was set arbitrarily. The probable error in the determination of brightness 
is about 0.2. 


I-00 6.00 900 1000 15.00 


Fig. 3. The distribution of the concentration of OIII ions in 
the level 20; in the nebula NGC 7009. The numbers on the 
curves of constant density indicate the number np of OIII 
ions per cm® (Np has been multiplied by 10°). 


The conversion to absolute units was carried out by us in the following manner, The image intensities of 
NGC 7009 in Ny, Ny, and Hg are in the ratio 96 ; 34 3 2.49[7]. Therefore 


a mn 52.21. (7) 


From the known total visual stellar magnitude of the nebula in the nebular lines [2], we can find the corre- 


sponding magnitude (€ 1+ N,Ja in absolute energy units, From (7), taking into account that the coefficient of 
visibility in the Hg line is equal to 0.8 lu/ w, we find that 


(e1)a = 9.194- 107! lux. 


On a magnified reproduction of the isophot¢é map, we used a planimeter to measure the relative areas Sp 
enclosed by each pair of neighboring contours of brightness; we then converted these areas into square seconds 
of arc. The product of the illumination € po, corresponding to the stellar magnitude given by Berman for each 
region, and the area S, represents the contribution of the ring to the total energy radiated by the nebula. The 
sum of the contributions € noSp from all the regions gives the total illumination ¢ y;, in arbitrary units, produced 
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by the image in Hg. Therefore 


(EnSn)a=9.194-10714 (oes)),. (8) 
H 


If we divide (8) by 8, in square seconds, we obtain € p in luxes per square second, The first column of Table 2 


gives the brightness of the isophots according to Berman, and the second column gives the corresponding illumin- 
ation. 


2°48 496 744 I-98 12°40 1408 


Fig. 4. The distribution of the electron density in the nebula 
NGC 7009, The values of Ne (cm™®), indicated by the numbers 
of the curves of constant density, have been multiplied by 10? , 


The method used in determining the spatial distribution of the H §-radiation was the same as that used in 
determining the density of the radiating OIII atoms in this nebula. The values of the specific luminosity obtained 
in this way were used to calculate the electron density. The calculations were carried out using the results of 
D. Menzel [8], who found that the total amount of energy emitted by a unit volume of the nebula in the line Hg 
is equal to* 


2,509 - 10-355 
Ba ,009 a 6&o2lt N,.NtehRi36kTe, (9) 


e 


Numerous estimates made of the electron temperature in NGC 7009 vary between 8900°K and 20,000°K. 
We have taken the value of T, to be 13,900°K, the value given inReference [9] where the calculations were carried 
out on the basis of photoelectric measurements, taking into account the new values of the probability coefficients 


for the spontaneous transitions [4] and the effective cross sections [10]. 

The Kramers-Gaunt coefficient gg was taken equal to 0.855 from the data of Reference {11]; the value of 
the quantity bg, describing the departure from thermodynamic equilibrium, was taken equal to 0.381 from the 
same paper. 

The calculations have been carried out on the assumption that hydrogen is the main source of free electrons 
in planetary nebulae, i.e., Ne = N*. 


In the observed part of the nebula the electron density varies within the range 2.2 -*10? -8.9 - 10° cm™, 


*It should be noted that in this reference out-of-date results were apparently used in the calculation of Kh (and 
not K as stated in the paper). In fact,Kh = 2.168 - d0* 
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which is in good agreement with the determinations of the average electron density inthis nebula (6.3 - 10° cm °)[9]. 
The contours of constant density are presented in Fig. 4, As was to be expected, the general appearance of the 
diagram is the same as that giving the distribution of OIII ions emitting the nebular lines (Fig. 3). The eccentricity 
of the “ellipse of maxima" is equal to 0.63, but its semiaxes are almost twice as long as those in the case of OIII. 
This probalby indicates that the volocity of expansion of the hydrogen shell is greater than that of the OIII shell. 

It appears that the decrease of the expansion velocity as the ionization potential increases is not a feature of NGC 
3242 [12] alone, but is characteristic of most of the planetary nebulae. In this connection the results of an analysis 
of the slit spectrograms of IC 418 are very representative [13]. In particular, the linear expansion velocity of this 
nebula obtained from an analysis of hydrogen lines is found to be 31 km/sec, while the velocity calculated from 

the OIII lines is 15 km/sec. 


Comparing the results that we have obtained for 
the distribution of radiating OIII atoms with those obtained 
for the electron density, we are inclined to think that 
the directional radiation from the nucleus plays a signifi-~ 
cant role in the dynamics of planetary nebulae and that 


TABLE 2 


63 107% tux (1°)? 


0.0 0.545 in many respects it determines their appearance, parti- 
— 0.4 0.790 cularly, the reduction of brightness along the major 
—1.0 1.368 axis. This seems to be even more probable, if we take 
ste 1.645 into account the possible difference in the surface tempere 
re it 1.978 ture of the equatorial and polar regions of the central 
= 129 2.168 star [14]. However, we note that this assumption re- 
mele 2.850 quires a detailed quantitative and qualitative verification. 
= N39 3.127 


The number of OIII ions in the sub-levels Pi can 
be calculated by solving a system of simultaneous equations for the stationarity of these sub-levels. To do this, 
however, we must know the values of the dimensionless parameters Q(iD) which give the number of induced transi- 
tions from an individual sub-level to the levels of higher energy. Since we do not have information on the values 
of the corresponding effective cross sections, the calculations were performed for the combined level *p and the 
value of Q(PD) was taken equal to 1.73 [10]. 


If we neglect the transitions to levels with higher energy than the energy of the 0) level, we can easily 
obtain the equation for the stationary state of this level from the equations given in Reference [15]. This equation 
will be of the form } 


0 (PD) + ee ns y aid Q (iD) e*Pivl*Te (10) 
®p a o; : 


i=o + 


where np is the number of atomis in the level D;, Wp, Wj are the statistical weights of the sub-levels *Pi, Xpip is 
the difference in energy between these levels and the level Ds, App is the sum of the probability coefficients 
for spontaneous transitions from ay level to the sub-levels *P (which was calculated by R. Garstang [4]),and 

O& = 8.54: 10 SN, Te “2, 


Using the equations for the calculation of the cue ipics of the p’-configuration levels [4], we can easily show 
that we can neglect the differences in the energy of the “Pj sub-levels (py 92 = 9.402 ° 20%), 1.€., Xpip ~ Xpp In 
addition we can assume that 


e talkT =~ e XolkTe ~ e malkTe : 


Consequently, with a Boltzmann distribution of OIII ions in the sub-levels 3pi, we have 


which gives 
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No + Ni + No = ¥ (+ O1 + Os) 


or 


VN; Ne 
@ ~ Op 
Then (10) can be written in the following forms 
eli ®pApp Np, kT 
{a (DP) + a =P0(PD) cP! (11) 


The validity of the assumption concerning, the Boltzmann distribution can be checked by an analysis of the 
system of equations for the stationarity of the sub-levels *P. We will not describe this method here because it is 
too complicated and, in particular, since we can, with sufficient accuracy, achieve the same results by comparing 
the number of transitions determined by the collisions of the second kind with the number of spontaneous transitions. 


in 


IO 


6.0 


Fig. 5. The distribution of the OIII ions in the state *p in the nebula 
NGC 7009. The numbers on the constant-density contours indicate the 
number Np of OIII ions per cm* (Np has been multiplied by 107). 


If we denote by Np, the number of atoms in the sub-levels PA then according to Reference [15] the number 
of collisions that transfer an atom from the state *P, into the states Py and *Py will be 


aN 
St 1O (24) + 2 (20)). 
The number of spontaneous transitions will be given by the quantity 


Np, (Agy + Ago)- 
The Boltzmann distribution will hold if 
8.54-10-8NV, 


Tt. 


{Q.(21) + 0 (20)} > Ani + Aso. (12) 
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With the adopted values of ne constants [4, 10] and of the temperature, the electron density must be higher 
than 5.77» 10°, Similarly, for the Py level we obtain Ne > 4.90 - 10°, Therefore, our calculations can be correct 


only for the inner,densest regions of the nebula. 


The equation which we obtained from (11) after substituting the values of the constants and which we used 
in the calculations was the of the form 


16.37. ye. (13) 


The results of the calculations are presented in Fig. 5 in the form of a map of the constant- genet contours 
which is somewhat different than that obtained in the case of the distribution of OIII atoms in the aD state (Fig. 3). 
The “ellipse of maxima" has a smaller eccentricity (0.49). Along the major axis there is a relatively large region 
ofincreased density which is very prominent. The increase of the number of OIII ions near the boundary of the 
nebula, apparently, is the result of the errors in the determination of the electron density. It can be easily seen 
that for these regions of the nebula a small error in the value of Ng leads to a large change in Np. On the other 
hand, with such low values of the electron density the assumption concerning the Boltzmann distribution is no longer 
correct, 


Ne ng {14. pte 


However, inspite of all this, we must notice the characteristic shape of the constant-density contours in the 
sector AOB, Here, the Np-shell appears to be elongated. It is unlikely that this effect is due only to the calcula- 
tions, the result of the errors in the determination of N, and Np for this region, It is probable that in this direction 
the ionizing radiation from the nucleus suffers less attenuation and penetrates farther from the nucleus. This 
assumption appears to be even more probable if we taken into account that the decrease of the OIII density in the 
central regions of the nebula takes place precisely in the sector AOB. 


The maximum density of OIII ions is equal to 3.1, while at the boundary of the nebula the density is 0.28. 
The calculated values are in good agreement with the results of D. Menzel and L. Aller [16, 17] who in one paper 
give the value of the average density for this nebula as 0.73 and in another paperas 1.28. According to the latest 
calculations of L. Aller [18], using more accurate values for Q, this quantity is equal to 3.4, 


Therefore, in the nebula NGC 7009 the overwhelming majority of the OIII ions are in the main level *p and 
occur thousands of times less frequently than electrons or hydrogen ions, 


| 
From the results of the present work and the previous paper [2], we can draw the following conclusions: 


1. The proposed methods for the observation of planetary nebulae with the help of light filters and the 
standardization of negatives lead to satisfactory results. At the present time, observations of the planetary nebulae 
using this method are being carried out by E. V. Turchaninova, scientific associate at the Kiev Astronomical Ob- 
servatory of the T. G. Shevchenko State University. 


2. The satisfactory agreement of the results on the spatial distribution of OIII ions and electrons in the 
nebulae NGC 6720 and 7009 with the data of other authors is apparently an indication of the efficiency of the 
method used for the determination of the spatial luminous density. We consider that it is desirable to employ it 
in the investigation of other objects possessing axial symmetry. 


3. In the investigation of planetary nebulae using the theory of radiation equilibrium and dynamics, we 
must keep in mind the fact that most of these objects depart from the usually -adopted model of a nebula: a thin 
spherical shell of constant density. A more realistic model is one in which the nebula is considered as an ellipsoidal 
shell with the density increasing uniformly and symmetrically from the equator to the poles. We must also take 
into account that this variation of the density does not take place because of an increase of the total amount of 
matter in a given direction, but is the result of a variation of the linear dimensions of the nebula. In other words, 
the variation of density in various directions does not affect the optical thickness of the layer, which remains con- 
stant everywhere. This fact, by itself, requires a theoretical interpretation. 


It is obvious that the dynamics and the equilibrium conditions in such a nebula will be considerably different 
from those in spherical nebulae with constant density. Further, they will be different within the nebula itself, in the 
regions of the equator and of the poles. 


4, At the present time, when the basic physical processes occurring in gaseous nebulae have been explained 
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sufficiently well, it is desirable to make an attempt to develop a theory of the radiation balance for a concrete 
example of a planetary nebula,taking into account the actual distribution of radiating matter in it. The subject 
of these investigations can be the typical ring nebula NGC 6720 or NGC 7009, 


The author is grateful to A. F. Bogorodskii for supervision during the course of the present work and also to 
N. A. Iakovkin for a number of extensive discussions. 


A. S. Makarenko Sumsk State Received September 24, 1956 
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THE KINEMATIC PECULIARITIES OF B STARS AND THE ROTATION 
OF THE LOCAL SYSTEM 


A. Ia. Filin 


The problem of explaining the kinematic peculiarities of B stars is considered. 
It is shown that the alteration of the galactic rotation constants can be explained quanti- 
tatively by the rotation of the Local System. In this case the unusual behavior of the Kamm 
function can also be explained. However, a complete explanation of the kinematic pe- 
culiarities can be obtained only if the dynamic characteristics of the Local System are 
known, An analysis of the behavior of the Kamm function for Bn, Bs, and Be stars leads to 
y the conclusion that the structure of the Local System is complicated. | 
| 
, 
1. General Considerations ; 


The present paper is the second part of a work on the kinematic peculiarities of Bstars, In the first part [1] 
it was shown that the peculiarities of the motion of B stars are associated with the Local System. The idea that the — 
kinematic peculiarities of B stars are associated with the Local System is not new. It was first proposed by K. F. 
Ogorodnikov [2] in the form that all of the peculiarities of stellar motions inside the Local System could be ex- 
plained by its rotation. 


From the point of view of kinematics, the problem of the rotation of the Local System was investigated by 
R. B. Shatsova [3, 4]. The successful explanation of the north-south asymmetries in the proper motions and the 
radial velocities that was given in these papers can be considered to be sufficiently reliable evidence in favor of 
the existence of the Local-System rotation. The possibility of the occurrence of this rotation can also be shown 
from purely dynamical considerations, 


In the present paper the influence of the rotation of the Local System on the galactic rotation constants A 
and B and the Kamm function is investigated. 


The following remarks can be made concerning the velocity dispersion, which is not considered in this paper. 
The Local System represents a group of stars which have, in all probability, a common origin and which are linked 
by a definite gravitational interaction, thus weakening the action of the tidal forces which arise as the result of 
galactic rotation. Therefore, the velocity distribution for the stars of the Local System must be different from that 
for the stars of the general galactic field. The velocity distribution in the Local System must be closer to a spherical 
distribution. 


2. The Influence of the Local-System Rotation on the Radial Velocities 
soa ae A ai daha eae sae nne ccna std Pike A neey sede bt AL Le LA Sa eRe EOE 


We will assume that the axis of rotation of the Local System is perpendicular to the galactic plane and that 
the rotation is in the same direction as the galactic rotation. The sun does not belong to the Local System and does 
not participate in this rotation. 


According to R. B, Shatsova [3], the influence of the galactic rotation on the radial velocities can be separated 
from that of the Local-System rotation, i.e., the latter will contribute a separate term to the expression for the radial 
velocity: 


AV, = wp, sin (l — l,) cos, (1) 
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ie I, is the longitude of center of rotation of the Local System, w is the angular velocity at a distance p from 
eeyT : : 

tation center, and p, is the distance of the sun from the rotation center. Let us express W as a power series 
in r (the distance of the star from the sun), leaving only the terms up to the second orders 


ee dw 1 (d?w 
moot (F),7 + 3(aa),™ 


Substituting this expression into (1), we obtain 


AV, = wip, sin (J — 1,) cosb + (F), p, sin (J — 1.) cos b-r + 


af (aa), sin (l — 7.) cosb-7?. (2) 
But 
(ar 0 ee a (3), 4 
(ar) ras (zr 0 +e (a), ‘ (3) 
where 


p is determined from the relation 


p? = py + (r cos b)® — 2por cos (1 — J,) cosh, 


from which we obtain 


d 
(3), =—cos(2—1,)cosb, ($8) = + sint(t — 1,) cos*s. 


Substituting these expressions into (3), we obtain 


(=), = — cos (J — 1.) cos b, 


d*a ” 4 oe 
(sr), = Wy cos? (J — 1.) cos? b +- rs Wy Sin? (1 — 7.) cos? b. 
We transform Equation (2) with the help of these relations, The first term becomes 


(«9p Cos Z,) sin Z cos b — (Wop) sin ,) cos 1 cos b. 


Taking 1 —l, =1 —1 9+, where o is a constant, we obtain for the second term 


—= 


, 


— = o Po cos 2% sin 2 (/ — /,) cos? b-r — < (opp Sin 2a cos 2 (1 — J.) cos*b-r = 
== A,r sin 2 (l — 1,) cos?b + C,r cos 2(/ — J,) cos? 8, 
where 


A= — 5 9 99 00s 2a, C7, =— Fe Posin 2a. 
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‘The third term can be transformed into the form 


5 [ (e099 — @y) cos? (2 —Z,) +- co] sin (J — Z,) cos? b-r?, 


The expression for the radial velocity now becomes 


V, = — [X + 9) sin 1,] cos 1 cos b — [Y — 0, cos 2,] sin 2 cosb — Zsinb + 
+ [A+ Aj] 7 sin 2 (J — J.) cos? b + Cyr cos 2 (2 — Jy) cos*b + 
+ = [ (e290 — 9) cos? (1 — ,) wo] sin (2 —l,) cos? br?. (4) 


The other two velocity components can be treated similarly, in particular, with the same assumptions as 
before, the influence of the Local-System rotation on the component V, will be given by 


AV; = wp, cos (.— 1.) — wr cos b. 
After the same transformations as above we obtain 
Vi = [X + woo sin U,] sin 2 — [Y — app cos 1,] cos 1 + xs 
+[A-+A,] r cos 2(1—l))cos b— ES ®y— E «0 | r cosbh—Cyr sin 2(1—J,) cos b + ) 


+ _ [ (2900 — «) cos? (J — 71.) + 20] cos (l.— 1.) cos? b-r?, (5) | 


where A, and C, have the same meaning as in Equation (4). 


Equations (4) and (5) lead to the following conclusions: 


1) All of the kinematic constants are altered by the rotation of the Local System. 2) Comparing the so- 
lution of the usual equations with the last term in both of the above equations, we see the latter is identical with 
the expression for a constant K-effect which is not completely written down here. Actually, it is the sum of an 
infinite series. Its numerical value is mainly determined by the relations between the derivatives, but it also strongl 
de pends on the nonuniformity of the distribution of stars according to longitude and in some complicated manner on the 
distance. 3) Since X and Y are close to the standard values, wy Py) must be small, perhaps of the order of 2 km/sec, 
4) Both equations are completely analogous to the kinematic equations of Ogorodnikov and Milne [5]. However, 
the latter do not yield any results without a preliminary investigation since the Ogorodnikov-Milne kinematics 
represents only a mathematical description of the influence of all the conceivable types of motion in a stellar 
system on the velocity components and cannot lead to the discovery of the real reasons for this influence in any 


particular case, 


TABLE 1 


WP) km/ sec 


Shatsova 


Karpovich 2.3 £ 4,5 


At the present time, unfortunately, it is impossible to carry out a quantitative verification of the derived 
equations since the necessary geometrical and kinematic features of the Local System are known rather approxi- 
mately, while the existing determinations of them are very inconsistent. The values of several parameters of the 
Local System, obtained by R. B. Shatsova [3, 4]-and M. Karpovich [6], are given in Table 1. 


In addition, for a complete solution of the problem we must know the dynamic parameters of the Local 
System (mass, density distribution) which at the present time are unknown. 
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3. The Kamm Function and the Local-System Rotation 
ea te eee eee ee Oe 


Let v} be the radial velocity of a star corrected for the solar motion and the K-effect. Then 
Vi = Ry [{Q—Q,] sin (2 — 1) cos b + wp, sin (1 — 1,) cos b. 
Dividing this expression by sin(Z —2,)cos b, we obtain the following expression for the Kamm functions 


sin (1 —1,) 
® sin(l/—J,) ’ 


Rh Re Oats 
which, when multiplied by a weight factor w=| sin(Z —1)cos b|, gives the weighted value of f(R, Ry) 


t(R, Ry) w = Ry (Q— Op] | sin (1 — 14) cosb| -+ wpysin (2 — 0) IBN gg g, ty 


sin (l — lo) 

Let us consider the second term of this equation which expresses the influence of the Local-System rotation 
on the Kamm function. Let us take cos b= 1 and let us assume that the Local System has the shape of a highly 
oblate ellipsoid rotating about its minor axis which is perpendicular to the galactic plane, Let the circle of radius 
P, in Fig. 1 represent the boundary of the Local System 
near the galactic plane, S represent the position of the 
sun, and C, the position of center of rotation of the 
Local System which is situated in the direction lL, . The 
galactic center liés in the direction 2». For simplicity 
we further assume that Iy—Zy4 = 90°. We construct a 
plane, perpendicular to the galactic radius of the sun, 
at a distance p, from the center of rotation of the Local 
System. This plane will intersect the galactic plane 
along the line EF. Let us investigate the part of the 
Local System that lies to the left of the galactic radius 
of the sun,since it is here that the usual behavior of the 
Kamm function is altered[1]. We will calculate the 
mean values of the second term in Equation (, ) for in- 

Fig. 1. tervals of py, and not of R, in the case of stars lying near the 
the galactic plane in a layer of thickness dz. The angle » 

determines the limiting value of the weights of the Kamm function which were not used in obtaining the mean values, 
The remaining symbols can be understood from the figure. 


The weighted mean value of the second term in Equation (#) for the interval dp, can be written as 


N 
{poco (e) sin (0 — Ly) D (9) dadpxaZ 
1 (p1) = pow sin (J — /,) = =,——________ (**) 


{ | sin (1 — 1) | D (e) dx dp,dZ 


where D(p) and w (p) are the stellar density and the angular velocity of the Local System at a distance p from 
the center of rotation. Since both w(p) and D(p) are unknown, for an approximate calculation we can assume 
that 

w(p)=Ce-™?, D(p) = D(0)e~", 


where D(0) is the stellar density for p = 0, and C= 190, m= 15, n= 10 are constants chosen in such a way that 
at p = py = 0.15 kps, w = wo = 20 km/sec/ kps (this gives a linear velocity of 3 km/sec), while D(p) #0 at 

P = p, = 0.5 kps; D(p) and w(p) must decrease with increasing p. The above equations describe this behavior. 
The adoption of any other suitable expression will not change the behavior of the function f (p,). 


From Fig. 1 we find 


A , p= Veta, sin(l—h) = 


in(i—l,) = ———— ; 
cag Tall V 02 +(e — 2)? Ve2 + (e—2)" 
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Equation (¢») can now be written in the following form (we integrate only with respect to x): 


q a Pa ee 
Corps rae ea : e re Votre dx 
pa 2 
Moye P e7 + (eo — 2) : ; 
(pee ye 
2V e+ (eo +2) 


where 


| i) Tee Ve a ei, qd = Po — Pitan. 


The values of the integrals were obtained by a numerical integration. The results are given in Table 2 and pre- 


TABLE 2 


; R 
ae ADs km/ sec. 


sented graphically in Fig. 2 by the dotted curve. The dash: 
line shows schematically the behavior of the Kamm functic 
in the absence of the Local-System ‘rotation. The resultar 
curve, shown by the full line, represents well the character 
istic bend in the curve of the Kamm function. 


We have considered the simplest case here, when 
1 —1«* = 90° Otherwise, the functions f( p,) and F(R, Ro) 


salle gt ie are no longer symmetrical with respect to the horizontal 
—0.20 | 7.00 ee axis, This is in fact observed. 

0.40) "7.10 Sea ) 

—0.05 | 7.45 | —2.7 Thus, the disruption of the usual behavior of the 
iiros ie 427 Kamm function for the neighborhood of the sun can 
+0.10 | 7.30 3.2 be explained by the rotation of the Local System. 

+0.20 | 7.40 Sat 

0:40 780 401 4. Nonuniformity of the B-star System 


The individual values of the Kamm function for 
B2~-B5 stars show a very large dispersion when they are plotted in Fig. 2, At the same time, the dispersion is within 
the normal limits for the BO-B1 stars. Two factors could be operating here. 1) A slight differential effect due to 
galactic rotation, For stars belonging to the Local System, this effect is in fact reduced and for relatively small 
weights the dispersion of the values of the Kamm function can be large. This can serve as an indication of whether 
stars belong to the Local System. 2) A possible nonuniformity of B2-B5 stars. 


TABLE 38 


x +15.740.9 | 441.840.9 | 413.644.7 | 443.444.8 | 447.340.2 
Y + 8.544.2 | + 8.044.2 | 444.843.2 | + 8.843.14 | + 7.00.3 
Z (+7.0) (7.0) (+7.0) (7.0) (+7.0) 
A +9.344.8 | 418.842.2 | +413.242.9 | 445.1443.0 | 441.840.5 
K — 2.640.8 | — 2.540.8 | — 2,244.9 | — 4.044.8 | — 1.9260.2: 
O, "| 2444.0 | eM ead Gi eg bee | ~ Ue eee Ose 
; 570 474 882 543 

n 166 133 64 685 


In order to establish how real the second of these reasons is, the motion of stars with n, s, ande character- 
istics was investigated. The B emission stars were chosen from the catalogues of Merrill and Burwell [7]. The 
number of such stars with known radial velocities was found to be only 64, The fourth group consisted of the stars 
left after the Bn, Bs, and Be stars were excluded. In the following we will denote this group simply by B. The 
calculations using radial velocities were carried out for all the four groups, The results are given in Table 3. In 
the case of Be stars we carried out two versions of the calculations: with and without a constant Cy. Both versions, 
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while they agree with each other within the limits of error, are too inaccurate, Z was taken equal to +7,0 km/sec, 
K was found from the coefficient of Tcos2p, 


Fig. 2. 


Figs. 3-6 give the Kamm function for the four groups. 
On the left of the figures the individual values are plotted;, 
the mean values, which are also given in Table 4, are 
plotted on the right. 


The theoretical curve is indicated by the crosses, 
The values of f(R,, Ro) which fell outside the limits 
+ 100 km/sec were not used to calculate the mean 
values, In addition, the points indicated by the circles 
in Fig. 4 were not included in the average for the B stars, 
From these figures it can be seen that the dispersion is less 
for Bs and Be stars, but for Bn and B stars the scatter of 
points is as large as before. 


The large scatter of the points for the group Bn 


(Fig. 3) indicates a small influence of the differential effect of galactic rotation. The general behavior of the 
average curve is in good agreement with this. Its inflection at about Ro, characterizinga participation in the local 
rotation, is very slight. Consequently, the Bn stars belong to the Local System but almost do not participiate in 


its rotation, 


TABLE 4 


M 
S 
& 


13.65 +1.4 
38. 20 0.8 
21.65 tal 
14.22 1.3 
13.14 1.4 
5.96 2.0 


7.33 1.8 
30.52 0.9 
113.40 0.5 
139.81 0.4 
42.03 0.8 
19.56 1.4 
15.33 44.3 


On the other hand, for the group of B stars (Fig. 4) the characteristic inflection of the curve is quite pro- 
minent, so that in their case the rotation of the Local System shows up quite definitely, The region where this 
rotation is important lies between R = 7.0 kps and R= 7.8 kps. Outside these limits, for all practical purposes ,the 


stellar motion is determi 


ned by the galactic rotation. The dispersion of the points is also large here, which within 


the above limits of the distance can be considered to be the result of a small differential effect of galactic rotation. 
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However, outside these limits there are also very large deviations. It is possible that these stars belong to the 
Bn group. These stars have been excluded from Table 5 and in Fig. 4 they are marked by circles. 


F(R RK), km/ sec. 
+80 F Bn Stars 


F(R,Ay) , kmf sec. 
+100 ¥ “4 


+80 
+60 


+40 


Fig. 4. 


flection, and consequently indicates that these stars do not participate in the local rotation, However, they have a 
connection with the Local System since the observed curve is different from the theoretical. 


The mean curve for the Be group (Fig. 6) is the least certain of the curves. However, these stars show the 
influence of the Local System since the observed curve differs from the theoretical one. It is possible that there is 
also an inflection in the observed curve. Accotding to the investigations of Tai Wén-sai into the spatial distribution 
of Be stars [8], the latter are not influenced by the Local System. The same conclusion was also reached by 
Shnirel’man [9]. If Fig. 6 is even partially correct, then this would mean that the spatial distribution of stars can 
not always be used as a reliable criterion for classifying the stars as belonging to the Local System. In Fig. 6 there 
is a further curve which is shown as a dashed line. The nine points determining this curve were not taken into 


The Kamm function for the Bs stars (Fig. 5) varies smoothly throughout its range, without any hint of an in- 
| 
| 

818 | 
| 


ac 
ale a Bate of the averages. All of these stars have been excluded from Table 6. The point marked 
eee _ueiegenaetie i y the point for HD 232534, which has a radial velocity of 106 km/sec and also 

= , equal to ps. The second curve is displaced very much from th i 
behavior is in good agreement with that of the theoretical on ; ne aa 


TABLE 5 
HD a l b R R,R 
= 4n 4mg —59°7 93°2 227 2200 
: 2 8.6 

er 3 42.8 +5959 104.8 4.5 4000 7.9 196 
ay +4036 130.7 Soe 240 7.4 +108 
45789 | 6 24.4 a re en en 79 | 405 
24, : e 750 7.9 105 
mre 6 26.2 + 614 172.9 =e) A500 8.6 138 
ye 6 28.8 + 814 171.4 +1.4 1600 8.7 a 
36775 6 41.5: 542 175.4 +3.0 | 2000 9.0, 6 
— 6 44.2 + 050 179.8 set 2 1450 S50 ma 
— yee — 430 186.3 Shp) 1700 8.6 ng 
ee 17°-31.2 —3520 321.4 —3.3 800 6.4 ‘| —57 
2275 18 34.2 e727, 352.7 20 1000 6.3 +4105 


*(RR,), km/sec. 
+60 : Bs Stars, 


+40 


- a N 
~60 
R, kps 
b 7 8 XY] 8 7 a : : 
Fig. 5. 
TABLE 6 
HD | rs | 8 | l | b | r | R {(R, Ro) 
i 2 ore ee ee eee 
— 1 8.4 +61°25 93°4 —0°4 1400 8.4 — 69 
— 4 47.8 +45 53 427.9 2.8 4750 8.8 —113 
259597 6 28.1 + 8 24 171.2 41.3 1000 8.4 — 72 
51193 6 51.3 — 3 40 184.6 +0.8 4000 8.0 — 82 
— 7 2.4 —5 4 187.4 12.6 1100 8.0 — 93 
— 7 2.6 — 3 56 186.2 +3.1 1400 8.4 — 91 
55885 7 9.8 41} is} 196.8 —0.7 800 se —— 
173948 18 43.0 —62 18 300.9 —24.9 240 7.0 — 42 
230780 19 4.7 +14 58 16.4 +1.6 4250 6.4 = 105 


Thus, the analysis of the behavior of the Kamm function leads to the assumption that the Local System is 
not uniform. Inspite of its unexpected nature, this conclusion probably reflects a real situation, because it seems 
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that the structure of various aggregates of cosmicobjects, which at first sight appear to be uniform, is as a rule 
complex. Thus, for example, the investigations of B. V. Kukarkin [10] established the complex structure of the 
Galaxy. The main result of this work is the discovery of the various sub-systems in the Galaxy and the establishing 

of the relations between the physical characteristics, the spatial distributions, and the kinematics of the objects 
forming the sub-systems. The investigation of the stellar motions has led P. P. Parenago[11] to discover the separation 
of the main sequence into two parts and P. G. Kulikovskii to conclude that the sub-system of the long-period 
variable stars of the type Mira Ceti is not homogeneous [12]. An analogous conclusion was reached by P. N. Kholopov 
[13] who investigated the visible distribution of stars in the globular clusters. Namely, "...the globular clusters can 

be considered as systems which consist of a large number of interpenetrating sub-systems of various types." Ina 
paper which has recently appeared, P. P. Parenago [14] presents some arguments that make the earlier assumptions 

of the separation of the white dwarfs into two groups even more probable. 


*(RR,), km/ sec 
+60 Be Stars 


Fig. 6. 


Consequently, in view of the well-known observational facts, the conclusion that the structure of the B-star 
sub-system is complex, the conclusion obtained in the present work and which in some cases is not completely 
certain, is not unexpected. On the contrary, the investigation of the B-star sub-system with the assumption that it 
is not homogeneous can be far-reaching. 


5. Summary 


1. Attempts to explain the separate peculiarities of the B stars without relating them to other peculiarities, 
ignoring the main observational fact — the presence of the Local System — did not lead to satisfactory results be - 
cause of the methodologically inaccurate formulation of the problem [1]. 


2. The possible general reasons, for example, the motion along a spiral arm, the admixture of stars belonging 
to the spherical component, the wrong value of the mean absolute magnitude, and the errors in the evaluation of 
the absorption, also do not explain the observed peculiarities of the B-star motion [1]. 


8. All of the peculiarities of B stars can be satisfactorily explained quantitatively as the result of the existence 
of the Local System, which is one of the aggregates of hot giants determining the spiral structure of the Galaxy. 


4, Another peculiarity, previously unknown, is also explained: the inflection on the curve f(R, Ro) in the 
case of B2-B5 stars. 


5. The existence of a difference in the behavior of the Kamm function between the B, Bn, Bs, and Be stars 
is evidence for the assumption that the B-star sub-system has a complicated structure, 


In conclusion, I express my gratitude to Prof, P. P, Parenago for his supervision of the present work. 


Stalinabad Astronomical Observatory Received December 7, 1956 
of the Tadzhik SSR Academy of Sciences 
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THE OPEN STELLAR CLUSTERS NGC 6823 AND NGC 6830 


K. A. Barkhatova 


The open stellar clusters NGC 6823 and NGC 6830 were in- 
vestigated. The distance to NGC 6823 is 1800 ps, to NGC 6830 
1680 ps, their linear diameters are 7.9 ps and 9.7 ps, respectively. 
It is surmised that NGC 6830 and NGC 6823 are members of an 
association of high-luminosity stars, studied by Morgan, Whitford 
and Code [7]. 


During the summer and autumn of 1954 photographs were obtained at the Engel’gardt Astronomical Observa - 
tory of the clusters NGC 6823 and NGC 6830 with KSA 40 stars used as standards, During this period, eight photo- 
graphs were obtained on Ilford Zenith plates and ten photographs on Agfa ISS plates with a yellow filter. The 
photographs were taken along the meridian, always in the same order: cluster —standard, The average photo- 
graphic magnitudes obtained from four plates had a mean square error of + 0™.06. The photovisual magnitudes 
were obtained from four plates with a mean error of + 0™.05, The mean square error of the color indices was 
+ 0.07. The photographic magnitudes obtained in the case of the cluster NGC 6823 were in good agreement 
with the data of Becker and Stock [1], after the latter were reduced to the international system. 


amelie Gliuster= NGC 6382.3 


The cluster NGC 6823 is situated in the Vulpecula constellation and has the following equatorial and galactic 
coordinates: 


a@ == 19ussm9, b= 27°, 1900. 
$= 42394’ be = 1.3 
This cluster has been studied by many investigators. According to Trumpler [2], the cluster is of class IV 

3 p. Its distance from the sun, determined by the method of diameters, is equal to 3890 ps, Zug [3] was the first 
to construct the color index — apparent magnitude diagram for the stars of the cluster; the diagram did not have 
any sufficiently marked outlines (the stellar magnitudes were determined from the diameters), but it was possible 
to use it to make a more reliable estimate of the distance to the cluster and of the light absorption in the direction 
of the cluster. 


The apparent magnitudes of the stars in the cluster were obtained for three regions of the spectrum by Becker 
and Osvalds [4]. At a later date Becker and Stock [1] again investigated the cluster using the method of. three-, 


color photometery. Additional photographic and photoelectric observations were carried out in order to determine — 


the stellar magnitudes. From the results of the latter investigation the distance to NGC 6823 was found to be 

3700 ps, while the first investigation gave the distance as 2400 ps. Therefore, the cluster NGC 6823 is among the 
most distant objects in our Galaxy. However, the results of Markarian [5] and the author [6] lead to a considerably 
smaller distance to the cluster, namely, 1800-2000 ps, while at the same time the distance determined photometricall 
is in good agreement with the distance obtained from the method of diameters. An association of high-luminosity 
stars, situated at a distance of 1800 ps from the sun, has been discovered in the region of the cluster [7]. 


In the present work photographic and photovisual magnitudes were obtained for 212 stars in the region of the 
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cluster. So that the boundary of the cluster could be determined, the whole region was divided into eight con- 
centric zones and the number of stars of a given magnitude was found for each zone. From the stellar counts it 
has been found that the cluster contains about 40 stars with m < 15™. As can be seen from Fig. 1, a, the stars 
with Mpg < 13™ are markedly concentrated towards the center and the angular dimensions of the cluster found 


from these stars is 8-10". The same sharp concentration towards the center is exhibited by the stars with 


14M < Mpg < 15™ (Fig. 1, b). 


uw 
Sy 9 10 10 Me" Tyg <5” ol. 13°" TIpg 147 
riko 
Outs 8 8 e 
La 
ao U 
BH 6 6 b , c 
‘e 
rf EB 4 é ry 
ay 
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10 20° 10° 20’ 


Distance from center Distance from center Distance from center 


Fig. 1 


The angular diameter determined from the distribution of faint stars is approximately equal to 13-15", It 
is interesting to note that the stars with 13™ < mpge 14™ (Fig. 1, c) do not show any concentration towards the 
center; their density at the center is actually lower than 
TABLE 1 that near the boundaries of the cluster. The angular 
diameter of the cluster determined from the distribution 
l of stars of all magnitudes can be taken to be 13-15". The 
Zone | Mpg CI | rs) angular diameter, obtained by the method of stellar counts, 
is larger than that usually found by various authors from 
direct measurements. From the stellar counts it has been 


1a 10.88 0.47 4 found that the cluster occupies the region of the first four 
2 | 44:20 | 0.73 | 20 ue 
A pee ee 5 The study of the stellar distribution inside the cluster 
) 13.70 0.72 12 shows that the bright stars are more concentrated towards 
6 13.60 0.64 26 the center than the fainter ones, Their density at the center 
is 15 times as high as the density at the boundary, the 
density of stars with 14 < m_, < 15™ is only 7 times 
sd ear as high at the center as it is on the boundary, while the 
stars with 13™ < m,, < 14™ are uniformly distributed 
6 eos 2m cr | Sp (HDE) near the boundary. This conclusion is confirmed by the 
x ae data given in Table 1, where the average photographic 
magnitudes and color indices are given for the separate 
: aes eae ee ns Sage a zones and the stars that belong to the cluster 
6 | 14.05 | 10.48 | 0.97 have been identified by means of the color index — ap- 
ul ai hee ee 4 parent magnitude diagram. 
i eee Vee cope A subgroup la, containing the central stars, has been 
44 | 14.76 | 14.13 | 0.63 taken separately from the stars found in zone 1. 
42 | 12.30 | 11.85 | 0.45 
43. | 11,32 | 40.95 ae ie From the table given above it can be seen that the 
14 | 12.64 | 12.27 ; 


brightest stars of the cluster are concentrated at the center, 
From the known photographic magnitudes and color indices, 
the color index — apparent magnitude diagram was constructed. As can be seen from Fig, 2, the stars situated in the 
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first three zones show a sharply defined main sequence. However, the stars in zones 4-8 also form a similar sequence 
in the diagram, but with a considerably larger dispersion of the points (Fig. 3). It is quite possible that part of the 
stars in the outer regions are physically linked to the cluster NGC 6823, forming together with it a stellar association, 


Mpg 


Fig. 2 Fig. 3 


As was mentioned above, the cluster NGC 6823 is part of a stellar association or an aggregate of high-luminosity 
stars in Vulpecula and, probably, it is one of the more condensed nuclei of this association. In Fig, 3, the high- 
luminosity stars taken from Reference [7] are indicated by the open circles, while the crosses denote the stars 
situated near to BD + 23° 3760 (Fig. 4). Table 2 gives the photographic and photovisual magnitudes, as well as 
the color indices of the stars lying in the vicinity of BD + 23° 3760. 


On the color index — apparent magnitude diagram, 
all of the above stars lie within the limits of the main 
sequence, and on this basis it is possible to assume that 
in addition to the high-luminosity stars, the association 
contains stars with a large range of luminosities. 


Crosses are also used to indicate the BD stars, 
situated in the vicinity of the cluster, which are possibly 
also members of the association. 


Data concerning several possible members of the 
association are given in Table 3; Morgan, Whitford, and 
Code [8] have listed some of them, The first column 
gives the BD number, the. second — HDE spectral classes, 
the third — spectra according to References [8] and [9], 
the fourth — photographic magnitudes, the fifth — color 
indices according to the international systém obtained 
from References [8], [9], and[10]. The sixth and seventh 
columns give the proper motions taken from Reference [10]. 
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From Table 3 it can be seen that the proper motions of the stars are very close to one another and the 
average for the whole group is fy = —0".007 and Hs = 07.007. 
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Fig. 5 


The color index~stellar magnitude diagram of the cluster represents the main sequence which rises steeply 
upwards. Spectra are known for several of the cluster stars which are supergiants of type O and B. The nucleus 
of the cluster consists of several brightO9 and BO stars forming an almost linear chain [5]. 


eA BL E38 
BD Sp(HDE)| Sp [8, 9] | Mpg | CI | Peo | V5 

+23°3761 B BO II 9522 0.32 —07003 —07005 
+23 3767 G5 B41 Ia -- — —0.007 —0.014 
+23 3762 B BO.5 IfInn ON, 0.42 == a 
+23 3759 B Bo II 9.22 0.42 —0..004 —0.010 
+23 3760 B8 Ia 7.66 0.65 —0.014 —0.013 
+23 3747 B Bt Ill 10.58 0.28 = — 
+23 3745 B BO.5 Ib 9.12 0.32 —0.003 —0.002 

22 3782 B O7 9.53 0.23 —0.006 —0.003 
+422 3781 B BO IV 9.05 0.30 — — 
+23 3730 B B8 Ib 10.47 0.90 —0.014 +0.001 
+23 3752 KS 10.64 0.44 —0.017 —0.013 

22 3766 BY 9.47 Dailey 0 —0.004 
+23 3706 B9 8.79 0.59 — = 
+22 3778 B2 V :nne 10.22 0.22 = oe 
+28 3728 F2 8.98 0.13 —0.005 —0.020 
+22 3808 A2 9.10 0.12 —0.007 —0.001 
+23 3756 A3 9.65 0.55 —0.006 —0.004 
+22 3800 BS B2 IlI:n 9.62 0.30 —0.006 —0.009 


The cluster NGC 6823 and the stars of the association are apparently linked physically with the diffuse 
nebulae $199, S200, and $201 [11]. 


The average color excess for the stars of the cluster is CE = 0™.95, The total light absorption in the photo- 
graphic region of the spectrum is therefore Ang = 4M 45, The apparent distance modulus is m—-M= 150175, 
while the true modulus is my —-M = 11™.30 or r= 1800 ps. If the angular diameter of the cluster is taken as 15', 
the linear diameter is found to be equal to 7.9 ps. The linear diameter of the association is approximately equal 
to 50 ps (d ~ 100’). 


b) The Cluster NGC 6830 


The cluster NGC 6830 has remained almost uninvestigated upto the presenttime. It is situated in the con- 
stellation Vulpecula, at a distance of 2° from NGC 6823 (Fig. 8), and has the following coordinates: 
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a = 19468, 1 = 27°.5, | 4900, 
$ = + 22°50’, b= — 3°.0 


According to Raab's description [12], the cluster is very irregular and does not contain many stars. The bright 
stars are situated eccentrically, without any appreciable concentration towards the center. According to Trumpler 
[2], the cluster is of type IV 2 p. The distance to the cluster has been measured many times by the method of 
diameters[ 2, 6]. In the present work, the photographic and photovisual magnitudes of 146 stars of the cluster 
were obtained. The plates used for the study of the cluster NGC 6823 were also used for the investigation of 
NGC 6830. 


Mg mpg 
9g 


Fig. 6 Pigs? 


The number of stars of given magnitudes were obtained for sevenannular zones. On the basis of the stellar 
counts it has been established that the cluster contains about 70 stars brighter than the 15th magnitude. 


Fig, 5 gives the radial distribution of the stars of 


DABEE4 various magnitudes, The diameter of the cluster, de- 
termined from the stars with 10™ < m_, < 12™, is 13°, 
Zone | Mpg cI | - while from stars with 127 < m,, < 148 it is larger, 
namely, 18-20". It is possible that the dimensions of the 
cluster are even larger than this, but the density of stars 
5 een ee i in the outermost regions of the cluster is very small. 
a 13.64 0.64 49 Using the method of stellar counts, Raab [12] found the 
4 13.64 0.68 15 angular diameter of the cluster to be 15-18". The diameter 
- ee Ree 3 of the cluster, corrected for light absorption in the Galaxy, 


is 21°[6]. Other investigators have determined the angular 
diameter of the central, brightest region of the cluster, 
which is equal to 8-10". Although there is no appreciable concentration of stars towards the center of the cluster, 
a study of the distribution of stars in the cluster shows that the concéntration of bright stars towards the center is 
more pronounced than that of the faint ones. This is also shown by the average photographic magnitudes de- 
termined separately for each of the concentric zones (Table 4), 
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The color index~appare nt magnitude diagrams were constructed for each zone separately. In Fig. 6, which 
represents the color-magnitude diagram for the stars in the first three zones of the cluster, the main sequence is 
fairly clearly marked. The scatter of points in the diagram is possibly due to an irregular distribution of absorbing 
matter, According to Collinder [13], there is a dark nebula projected against the cluster. This is also shown by 
the irregularities of the background in the central part of the cluster. A large part of the stars situated in the 
outer zones also lie on the main sequence (Fig. 7) and, apparently, some of them are members of the cluster. A 
group of stars on the color index~stellar magnitude diagram with apparent magnitudes of about 14™ and color 
indices CI > 0™.75 are of interest. These stars are situated mainly in the first four zones, Their concentration 
is particularly high in the third zone. Their position on the diagram corresponds to the region of bright giants. It 
should be noted that the main sequence has the form which is characteristic of the stellar clusters that contain high- 
luminosity stars. The vertical end of the main sequence extends to 4™.53 therefore it would be expected that 
there are high-luminosity stars in the cluster under investigation. However, available information on the spectra 


of the stars does not as yet support this hypothesis. The spectra of the stars according to the HDE system are given 
below. 
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Fig. 9. NGC 6823 


The average color excess of the stars of the cluster is CE = 0™,72, The absorption of light in the direction of E 
of the cluster is A,, = 3"".38, The apparent distance modulus, determined from the color index—stellar magnitude | 
diagram ism—M= 14M,50, The true distance modulus is Mp — M = 11™,12 or r= 1680 ps. If the angular diameter | 
of the cluster is 20", then this corresponds to a linear diameter of 9.7 ps. 


The star BD + 22° 3836 is situated at a distance of 15' from the center of the cluster, According to the data 
of the HDE catalog its spectrum is B3, according to Reference [8] its spectral class is B1 II. The photographic 
magnitude of the star is Mpg = 9™ 40, the photovisual magnitude is Mpy = 9™ 02, and the color excess is CE = 
= 0.88, The apparent distance modulus is m — M = 15™.30 and the true modulus mp — M = 11™,17 or r= 1710 ps. ff 
The distances to the star BD + 22° 3836 and to the cluster NGC 6830 are comparable and it is quite possible that 
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this star is a member of the cluster. It should be pointed out that, according to Reference [8], in addition to 

BD + 22° 3836, several stars of early spectral classes have been discovered in the vicinity of the cluster, Accord- 
ing to the list of Merrill and Burwell [14], there is an 11™ star with an emission spectrum B(5) e at a distance of 
22" from the center of the cluster. The coordinates of the star ATE: Ay999 = ig4gMo; 5 1900 = + 22°26", 


The proper motion of some stars in the cluster and in its vicinity has been determined [10]; the list of the 
stars is given below. 
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Fig. 10. NGC 6823 


The average proper motion of these stars (tq = — 0".008, fg = — 0".003) is almost the same as that of the 
cluster NGC 6823. The distances to the clusters NGC 6830 and NGC 6823 are also comparable. It is interesting 
to note that the radial velocity of the star BD + 22° 3836 (V, = +4 km/sec) is equal to the radial velocity of the 
star BD + 22° 3781 which is a member of the cluster NGC 6823 [15]. 


TABLE 5 TA BURG 
Sp 
* > (HDE) BD Sp (HDE) Por bs 

103 +22°3829 | A2 

116 — Ad -+22°3837 B8 —07009 | +07004 

72 | +22°3837 B8 + 22° 3837 B9 —0.009 | +0.003 

73 | +22°3837 B9 +22°3825 B3 ==02.004 |5——0007 

2 — B9 + 22°3829 A2 —(.012 | —0.012 
5 — B8 


On the basis that the distances, radial velocities, and the proper motions of the clusters NGC 6823 and NGC 
6830 are almost the same, it may be surmised that the two clusters are linked physically and are the most concentrated 
nuclei of an association in Vulpecula. However, it should be pointed out that as yet the information on the radial 


velocities of the stars in these clusters is very meager. 


If the cluster NGC 6830 does belong to the association, then the angular dimensions of the latter can be taken 
to be 200"; this corresponds to linear dimensions of 100 ps. 


A. M. Gor'kii Received December 23, 1956 
Ural State University 
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CATALOG OF STARS 
Cluster NGC 6823 


NM | Zone! ™pg | Mpy | CI | N {Zone 
{* {! 10.70 — 0.48 62 2 
fa*| 1 Ana? —— 0.47 63 De 
2* 4 a Filer — 0.45 64 Ds 
om 1 9.66 — OS? 65 2 
4 4 11.94 11.38 0.56 66 2 
a ‘| 14.58 i Peay hes. 1.45 67 2, 
6 1 14.64 13.86 0.78 68 4 
7 Ye Tonoe 14,57 Ons 69 “| 
8 1 14.04 13.61 0.40 70 7 
9 2 42.34 11.89 0.45 71 ya 

10 2 14,93 VENT. 0.76 (Pp Jd 

11 1 OTS 11.40 O75 1} i 

12 uf 14.46 T3004 0.72 74 2 

13 1 AOE AS 9.69 0.46 75 2 

{i 1 2a, 12.02 0.20 76 2 
5 1 14.76 14.00 0.76 ade 1 

AGai lead 14.45 13.80 0.65 78 1 

17 4 42.50 12.03 0.47 79 3 

18 2, 14.37 13). 62, OPTS 80 es 

19 Za 15.91 14.66 i Peay 81 3 

20 Zz 13.45 12.80 0.65 82 3 

24 3 14.40 13.74 0.66 83 3: 

22 re 14.63 13.95 0.68 84 3 

23 2 15.48 13.93 4.55 85 3 

24 2 15.09 14.18 0.91 86 % 

25 2 14.01 13.41 0.60 87 3 

26 | 2 | 43.72 | 42-01, | 4:74 gan [a 

27 2 14.50 13.20 1.30 89 4 

28 2 15.05 14.35 0.70 90 4 

29 3 14.64 14.14 0.50 91 4 

30 Z 15.63 14.69 0.94 92 4) 

31 2 15.43 14.72 OZ 93 4 

ay 2 15.80 14.70 ‘leit B) 94 4 

33 33 132416 12.56 0.60 95 4 

34 4 12.44 11.46 0.98 96 4 

35 3) 10.46 ONL 1.09 97 4 

36 4 14.46 13.46 4.00 98 4 

aia 4 15.48 14.65 0.83 99 4 

38 5 15.08 14.09 0.99 100 4 

39 6 We ss 13.65 0.60 104 4 

40 6 14.55 13.84 On 102 4 

41 5) 14.85 14.18 0.67 103 4 

42 6 13.16 a ei tae 1.43 104 5 

43 6 11.91 AMAT. 0.44 105 6 

44 7 11,58 9.54 DOW 106 2 

45 6 G bate yA 12785 0.69 107 is 

46 5 os 14.37 — 108 5 

47 5 —— Abe = 109 5 

48 5 14.21 12.90 al ew | 110 6 

49 5 14.56 13.03 4.54 114 6 

50 4 1 Waa a | 11.95 0.16 112 7 

ol 3 14,36 13.58 0.78 113 6 

52 3 14.44 TBST 0.78 114 is 

53 4 14.41 NBS 0.66 115 6 

54 4 10.64 10.20 0.44 116 tf 

oR 6 AGA 125d. 0.63 AAG 6 

56 4} 13.84 13.23 0.61 118 6 

OL 2 14.96 — 119 7 

58 4 — GA a4 ae 120 vi 

59 4 = 14.80 a 121 Ff 

60 7 14.83 13.96 0.87 122 6 

61 Dy 14.10 13.38 On 2: 123 6 


Remarks (to pp. 830 and 831). For the stars marked (@)5 
and color indices have been taken from Becker eh 


12.54 12.44 43 
14.82 14.22 60 
13.45 L297 48 
13.73 13.03 70 
12.56 ft.-91 0.65 
15.06 14.34 0.72 

= 13.64 = 
12.94 12.34 0.60 

a 14.63 aa 


Neier} 
= 


11.94 dieoo 0. 
14.77 13.81 0. 
o 12.16 — 
11.59 1047 0.42 
10.73 10.14 0.59 
13.45 11.24 2.24 
9.12 8.80 0.32 
12.56 12.44 0.45 
14.48 13.56 0.92 
15.49 13.82 1.67 
14.76 13.95 0.81 
14.86 13.08 Tis 
15.23 14.29 0.94 
— 14.42 — 
— 13.75 — 
12.20 10,10 2.10 
14,88 12.85 2.03 
14.88 14.07 0.81 
13.65 12.92 0.72 


the photographic magnitudes 


~I <3 ~1 ~] ~J CO CO 00 00 00 CO 00 00 00 00 CO OKO CO CO CO CD OH HOD IWUNDUIADAAAINA GTI IVNO a or > 


No 


Sp 


09 
BO 
B2 
09 
09 
HO 


(continued) 


4.38 169 7 44.74 43.65 1.06 
— 170 7 12.54 11.99 0.55 
0.99 474 7 13.90 43.21 0.69 
0.87 472 6 14,90 14.09 0.81 
4.57 173 6 43.55 42.84 0.71 
0.58 174 6 42.36 41.80 0.56 
0.84 475 5 43.12 42.52 0.60 
4.32 476 5 15.35 43.21 2.14 
1.82 477 6 13.62 12.94 0.68 
4.45 178 6 14.40 13.42 0.68 
0.82 479 4 13.89 42.28 1.64 
0.78 180 4 13.80 12.03 1.77 
0.95 184 5 —_ 14.62 — 
0.62 182 6 42.417 40.92 4.25 
0.54 183 6 41.08 10.73 0.39 
0.93 184, 4 13.74 13.07 0.64 
0.75 185 |. 4 14.24 413.52 0.69 
4.02 186 3 414.33 13.80 0.53 
0.69 187 3 14.00 13.39 0.64 
1.24 188 4 — 14.30 — 
1.04 489 4 9.46 9.24 0.20 
0.49 190 4 15.35 14.45 0.90 
0.46 194 4 13.97 13.28 0.69 
4.62 182 4 14:73 14.411 0.62 
1.74 193 6 44.17 42.42 4.75 
0.85 194 { 13.65 42.70 0.95 
— 195 tf 42.82 42.24 0.64 
— 196 6 13.90 12.84 1.06 
— 497 6 12.44 42.07 0.37 
0.27 198 5 14.08 43.30 0.78 
0.58 199 6 A3r2o 42.75 0.48 
0.56 200 7 411.80 41.38 0.42 
1.29 201 tf 42.76 42.24 0.52 
2,29 202 5 13.06 12.34 0.72 
0.74 203 ° — 14.07 — 
1.50 204 | 5 ae et) 44.49 oe 
4.29 205 8 40.05 9.47 0.56 
— 206 8 9.40 9.00 0.40 
—_ 207 8 10.92 40.59 0.33 
— 208 8 40.80 40.27 0.53 
— 209 8 13.78 43.45 0.63 
0.75 210 8 9.47 9.28 0.19 
4.90 241 8 9.47 9 - 0.17 
0.68 212 8 9.26 9.10 0.16 
1.63 
Spectra 
No | Sp | Ne Sp 
414 BO,5 I 206 GO 
183 A3 207 A2 
189 GO 210 | A3 
30 KO 211 |B9 
54 FO 212 | AO 
141 HK5 
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SCONIMILwWNe 


COCR Wm OO WU WOW NNN NNN E NUNES VE ENN OOWNNNWE NNW OWohUNMNNEEn nee eennep 


Cluster NGC 6830 


0.44 66 3 
0.51 67 3 
2.64 68 3 
0.85 69 2 
0.42 70 2 
0.48 74 3 
0.47 72 3 
0.52 73 4 

— 74 4 
0.58 75 4 
0.99 76 4 
0.52 77 4 
1.25 78 2 
0.48 79 2 
0.50 80 2 
0.60 84 2 
2.00 82 2 
0.78 83 3 
0.55 84 3 
1.72 85 3 
1.45 86 3 
0.64 87 3 
0.54 88 4 
0.43 89 3 
0.40 90 3 
0.81 94 4 
162 92 4 
0.73 93 4 
0.78 94 4 
0.38 95 4 
0.45 96 4 
1.56 oF 3 
0.54 98 3 
0.54 99 3 
0.57 100 2 
124 104 4 
0.65 102 by) 
0.59 103 5 
0.54 104 5) 
0.54 105 5 

— 106 4) 
0.60 107 6 

— 108 6 
0.50 109 6 
0.54 110 4 
0.55 111 Sy) 

_ 112 o) 
0.63 113 i) 
0.48 114 5) 
0.87 115 by) 
0.70 116 4 
0.46 117 4 

— 118 5 
1.44 119 b) 
alte 120 b) 
— 124 4 
0.69 122 4 
1.95 123 4 
1.54 124 +) 
1.88 125 4) 
0.75 126 5 
1.78 127 5 
1.90 128 5) 
0.68 129 5 
— 130 | 6 
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[1] 
[2] 
[3] 
[4] 
[5] 
[6] 
(7] 
[8] 
[9] 
[10] 
[11] 
[12] 
[13] 
[14] 
[15] 


(continued) 


Ne {Zone Mog Moy CI | Ne | Zone ng ™pv CI 
131 6 13.27 12.68 0.59 139 6 12.42 41.90 0.52 
132 6 12.65 12.02 0.63 140 5 15.35 13.84 4.51 
133 6 14.12 12.45 sl eGY) 144 6 14.77 14.10 0.67 
134 6 13.62 12.91 0.74 142 5 14.08 12.11 1.97 
135 6 13.69 13.05 0.64 143 5 13.85 412752 1.33 
136 6 14.41 13.45 0.66 144 5 14.84 13.40 1.44 
137 6 — 13.88 — 145 4 14.94 14.17 0.77 
138 6 13.80 42,47 doo 146 4 13.46 12.84 0.65 
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ON THE INTERPRETATION OF THE EMISSION SPECTRUM OF 
LONG-PERIOD VARIABLE STARS, I. 


V. G. Gorbatskii 


The emission in lines of hydrogen from long-period variable stars for the post- 
maximum time is due to recombination in the inner layers of atmosphere, where the 
hydrogen was initially ionized. The effect of Lq-radiation, which escapes from these 
layers, on the state of the upper layer of the atmosphere is considered. It is shown that 
the atoms of neutral metals in the outer layers of the atmosphere of the star are ionized 
by the L, -radiation and thus the opacity of the upper layers decreases. The appearance 
of bright lines belonging to neutral metals in the post-maximum spectrum of long-period 
variable stars is the result of the recombination of ionized metal atoms. ai a 


At the present time, the following facts concerning the line-emission spectrum of the long-period variables 
are firmly established [1]. i 


1. At the time near the maximum of luminosity, absorption lines of neutral metals are superimposed on the 
bright hydrogen lines, while most of the Hy and Hg emission is screened by molecular absorption bands. Therefore, 
at this time there is a layer, which contains un-ionized metals, above the atmospheric layer producing the emission 
of the bright hydrogen lines. 


2. When the luminosity of the star decreases the screening of the bright lines by molecular bands decreases; 
the absorption lines due to the neutral metals weaken and disappear. Consequently, the concentration of neutral. 
metals above the hydrogen-line emitting layer decreases and the optical thickness of the absorbing layers, de- 
termined by the presence of metals and molecules (TiO, ZrO, etc.), correspondingly decreases. 


3. Simultaneously with the disappearance of the absorption lines of the metals, in the spectrum of the star 
there appear bright lines of neutral metals whose intensity reaches a maximum approximately halfway along the 
falling branch of the light curve. 


In this work it is shown that the appearance of the bright lines of the metals in the spectrum of the star and 
the decrease of the optical thickness of the absorbing layers can be explained by the ionization of the metal atoms 
in this layer by the Lq-line radiation emerging from the deeper layers of the atmosphere. The La-line quanta 
are produced in the same layer as the quanta of the Balmer-series lines as the result of the recombination of ionized 
hydrogen atoms,and some of the La-line quanta come out to the surface because of the Doppler effect. In the 
first section the number of Ly~quanta emerging from the layer is estimated and the dependence on the time of the 
number of emerging Lo~ quanta is approximately determined. In the second section the ionization of metals in 
the outer layers of the atmosphere of a long~period variable is investigated and it is established that the number 
of La- quanta entering these layers is sufficient to keep the metals there in an ionized state for a period of the order 
of 10’ sec. In the third section the theoretical intensity of the bright metal lines and the time during which they 
should be observed are estimated. 


1, The Hydrogen-Line Emission After the Maximum of Luminosity of the Star 
a eee 


The presence of the bright lines of the hydrogen Balmer series in the spectra of the long-period variable stars 
was explained by V. V. Sobolev [2] from a theory of moving stellar envelopes, The basis of this explanation was 
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the hypothesis that the long-period variables are hot stars surrounded by envelopes with a large optical thickness. 

The high-frequency radiation of the hot star ionizes the hydrogen in the inner layers of the envelope, which emit 

the bright hydrogen lines, while it does not reach the outer layers and a low-temperature spectrum with metallic- 
absorption lines and molecular-absorption bands is formed in these layers. This model agrees well with observa- 
tions in the period up to the maximum of the light curve. However, it cannot be be used for investigating the 
emission of hydrogen lines by the star after the maximum. During this period the bright hydrogen lines, partially 
screened by the outer layers of the atmosphere (the absorbing power of which gradually decreases, as was indicated 
above), are themselves superimposed on the molecular-absorption bands originating in the deeper layers [3]. There- 
fore, during this time the ionizing radiation from the hot star cannot ionize the hydrogen in the layer where the 
bright hydrogen lines are produced. Moreover, since the bright lines are still observed after the luminosity maximum 
(they are produced as the result of recombination), the degree of ionization must decrease, i.e., the layer producing 
the hydrogen-emission lines will "decay." This conclusion is also supported by the fact that after the maximum 

the bright lines rapidly weaken, although the absorption of the line radiation by the outer atmospheric layers decreases, 


On the basis of the above fact, we will assume that the emission of hydrogen lines after the maximum of 
luminosity of the star occurs as the result of recombination in the layer of the atmosphere where the hydrogen was 
highly ionized before the maximum. On the other hand, the problem of why the ionizing radiation becomes 
ineffective and the problem of the way in which the emission from the atmosphere is related to the variation of the 
luminosity of the star are outside the scope of this paper and will be considered separately, 


The problem of the “decay” of a hydrogen envelope was investigated earlier [4]. As can be shown, the 
“decaying” layer in the atmosphere of a long-period variable is optically thick, i.e., its optical thickness in the 
Balmer continuum during the process of recombination becomes greater than unity. For such an envelope T, the 
lifetime for recombination, is given by the expression 


Pat0F nz, (1) 


where z is the thickness of the layer and n the number of hydrogen atoms in 1 cm*, From observation it is known 
that T = 10’to 2°10" sec, From (1), with this value of T, we have that nz# 10%, assuming that the thickness of 
the "decaying" layer is of the order of 10" cm, we find that the total number of atoms in it is N # 10°, Let us 
note that Ncan be estimated by other methods and, in particular, if we take into account that the number of atoms 
in the layer above the photosphere of the star is usually of the order of 10°" we also obtain the same value of N. 


During the "decay" of an optically thick ionized envelope each quantum of the Lyman continuum (L-) 
produces one quantum of the Balmer series or of the Balmer continuum. Therefore, the number of Balmer-series 
quanta emitted by the medium must be of the same order of magnitude as the number of Lc-quanta present in the 
medium at the beginning of the "decay." If the medium originally was in a highly ionized state, then the number 
of Balmer-series quanta emitted will be of the order of N. 


Unfortunately, we do not possess accurate photometric data on the emission of the Balmer-series lines by the 
long-period variables after the maximum of luminosity. According to Joy [5], the emission in the bright lines 
during the maximum of luminosity of the star o Ceti is about one per cent of the total radiation of the star in the 
visible part of the spectrum. Consequently, we can assume that Hpa = 10-102 ergs/sec. Taking into account 
the reduction of the intensity of the bright lines after the maximum, we find that during the total time from the 
luminosity maximum to the disappearance of the emission lines i10°°-10° palmer-series quanta are emitted. 


This number agrees with the value of N found above. 


As the ionized layer "decays" one Lg -quantum is produced from each Lc~quantum, A considerable number 
of these quanta escape from the medium because of the Doppler effect and, having penetrated into the outer un- 
ionized layer of the stellar atmosphere, have a substantial influence on its state. In particular, the Ly -quanta 
ionize the metal atoms,thereby decreasing the transparency of the outer layers of the atmosphere. In considering 
the processes taking place in the outer layers of the atmosphere, we will use the asymptotic expression fork Nq, 
the number of Ly -quanta escaping from the "decaying" medium in 1 sec, From the equations given in Reference 
[4] which describe the emission in the line Lg during "decay," for a sufficiently large t (t> to, where ty > Vx) 


we can find that 


xNq =~ N* (to) V quem V vt), (2) 
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Here t is the time from the instant when the medium began to "decay," N* (to) the number of ionized atoms in 
> 17 

the medium at time ty, q= — and x = aa a where u is the mean thermal velocity of the atoms and roe 

is the velocity gradient in the medium, In the conditions for the “decay” of the atmospheres of the long-period 

variables x > 1075 and, consequently, Equation (2) is already valid when t = 10° sec, For t between 10° and 10° 

sec, a relatively small number of quanta escape from the envelope. It must be noted that of all the La -quanta 

produced in the medium, only about 10% escape, while the rest are destroyed in collisions of the second kind or 

in the ionization of hydrogen atoms from excited states. Keeping this circumstance in mind and also taking into 

account the uncertainty in the values of the parameters q and «, we will assume that (2) is valid for t> 0 (to = 0)5 

taking Vqx & 107%, from (2) we find that 


wg ao OS ee (3) 
Equation (3) will be used in the following during the the investigation of the ionization of metals in the 


outer layers of the atmosphere of the star. 


2. Ionization of Metals in the Outer Layers of the Atmospheres of Long~Period 
Variable Stars 


Let us investigate the influence of the L-quanta on the state of the outer layers of the atmosphere in which 
the hydrogen is neutral. 


An Lq-quantum entering the outer layer of the atmosphere is scattered by the hydrogen atoms. The optical 
thickness of these layers for the Ly lines is very large and the quantum experiences a very large number of scatteri 
However, the scattering of the quantum will be interrupted by one of the following processes which lead to the dis- 
appearance of the La -quantum: 


a) the absorption by neutral metal atoms whose ionization energy is less than the Lo-quantum energy, 
b) the absorption of the Ly -quantum by a hydrogen atom which is in an excited state, 


c) the collision of excited hydrogen atoms with electrons in which the excitation energy of the atom is 
transformed into the kinetic energy of the electron (collision of the second kind). 


Since the optical thickness of the atmosphere, determined by the absorption by metal atoms and excited 
hydrogen atoms, is large compared to unity, the Ly-quantum cannot escape from the atmosphere without going 
through one of the processes listed above, even if a velocity gradient exists. Let us find the number of Lg -quanta 
destroyed through these processes in 1 cm® in 1 sec. The number of quanta destroyed is 


a) Sime, 
b) pnny’, (4) 
c) i nnene, 


where Ny» 2, Ny, and ne are the numbers of Lw-quanta, hydrogen atoms, neutral metal atoms, and free electrons, 
respectively, The quantities 1, p, ands are given by the expressions 


82 Ive 2 ' — chvy2 
== — U.S =< ——" 1% = 5 
£1 O2Avy. °? P ee Cievien | : Ger (>) 


where y : is the frequency of the Lg-line, Ay 2 is the width of this line, ve is the mean thermal velocity of the 
electrons, o is the effective cross section for the collisions of the second kind, "yc and a@ are the absorption 


coefficients for the absorption of Ly~-quanta by excited hydrogen atoms and by neutral metal atoms, respectively, 
8rhv3, 
ts ea 


and S45 = 


Using fixed values and assuming Ap 4)/y 4. © 107°, then from (5) we get 


lo3-107,  pe25A107%) vs 30 (6) 
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In order to evaluate the branching ratios for the processes leading to the destruction of Lg -quanta in the 
outer layers of the atmosphere, we will determine the density of hydrogen atoms in this region. We will use the 
few results available on the photometery of the spectra of the long-period variables, According to Scott [6], the 
number of Cal and Call atoms which take part in the formation of the absorption lines at the brightness maximum 
in a column with a cross-sectional area of 1 cm? in the atmosphere of 'o.Ceti is Ncg = 10'*, On the other hand, 
from the work of Fujita [7] it follows that the relative abundances of the elements in the atmosphere of another 
long-period variable y Cygni are of the same order of magnitude as the cosmic abundances, Assuming that in 
the atmosphere of o Ceti the ratio Nc,/ Nj, is 10°8-107", we find that Nzy = 1074-1075, 


From the data on the translational velocity of the atmosphere in long-period variables, as well as the data 
on their radii supported by interferometric measurements, we can conclude that the thickness of the atmsophere 
_ of long-period variables is 10°-10" cm. There is no evidence of a large density gradient in the atmosphere, 
Therefore, for the average concentration of hydrogen atoms in the atmosphere of o,Ceti we have the value ns 10% 
and taking into account that n/n s 1074, we obtain for the concentration of metal atoms nm #10", It appears 


fos these values of n and n,, are characteristic of most of the long-period variables since 0 Ceti is a star which 
is representative of the stellar type under consideration, 


Using the values of the coefficients l, p, and s found above, we see that for each La -quantum destroyed through 
the ionization of a metal atom there are 107” nNe/ Nyy quanta destroyed by the collisions of the second kind and 
107” nng/ ny, quanta absorbed by the excited hydrogen atoms. Since originally n/n, ¥ 10°, ne « nm, and 
Ng « 10°, then the most important process is the absorption of the La-quanta by the metal atoms. As the degree 
of ionization of the metais increases, the other processes become more and more important. 


In the collisions of the second kind the energy of 


log 7, the quanta goes into the kinetic energy of the electrons. 
2 The excess energy of the Lq-quanta after the metal 
atoms and the excited hydrogen atoms have been ionized 
4 is also transformed into electron kinetic energy. As the 
result of this, the number of collisions of the first kind, 
a which produce excitation in the hydrogen atoms, in- 
creases ,and this leads to an increase in the number of 
2 La-quanta in the atmosphere. Inasmuch as the colli- 
sions of the first kind can only accelerate the ionization 
2 7 % , e 7 log : ou metal aon: we a not consider this eee Moe 
1-1%m/%qJ  YW-log7, since even without this process the degree of ionization 


of the metals in the atmosphere becomes high. 
Fig. 1. The variation of the relative 
concentration of metals and of the 
concentration of L,,-quanta in the 
atmosphere of the star with time (the 
time is reckoned from the maximum 
of brightness). 1) ny,/nm; II) log ng 


Let us determine the way in which nm, the con- 
centration of metal atoms, varies with the time. If we 
assume that all the metals have the same absorption 
coefficient of recombination C' and that the ionization 
of the metals is only due to Ly -quanta, then we obtain 
the following equation; 


dn 
= = C'nin, — stmNa- (7) 
The variation of the concentration of L@-quanta, Ng, is given by the equation: 
dn 
ae = “38 — SNmNe — png :n — Inne: Ng. (8) 


Here Fa is the number of Ly -quanta entering the un-ionized layer per sec and V the volume of this layer. Since 
the hydrogen in this layer is not ionized, Ne = nm - In addition,we have that 


n>, = m+ Mn, (9) 
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where nfn is the density of the neutral metal atoms before the ionization process starts. The initial conditions 
for Equations (7) and (8) are as follows: at time t= 0 


Nm = Nims ‘Ne = 0. 


Equations (7) and (8) were solved numerically, taking (9) into account; the values of the coefficients 1, p, 
and s found above were used in the calculation and the following values of the constants were adopted: n= 10! ; 
nm/n = 1074 v = 10% cm’, c'= 107**, while Fg was determined from (3). The solution of the equations is pre- 
sented graphically in the figure. It is found that the metals in the outer layers of the atmosphere are rapidly 
ionized by the Ly-quanta. The concentration of the Lg-quanta even after the metals have been ionized remains 
low because of the collisions of the second kind and the ionization of hydrogen atoms from excited states, Ina 
time of the order of 10° sec the magnitude of nm/nin decreases to about 107° and ng becomes approximately 
equal to 10°, Because of this decrease of ny, these layers become optically thin for the light of the metal lines. 


The calculated value of the time in which the optical thickness of the outer atmospheric layers, determined 
by the absorption due to the metals and the molecular bands, changes appreciably was found for the case considered 
to be less than that observed. According to observation, the absorption lines of the metals disappear after 5° 10°to 
-10’ sec. However, taking into account the fact that the values of a number of quantities (V, ag C', etc.) which 
we have used are very approximate and also that Equation (3) is an approximation, we can consider that the agree- 
ment between theory and observation is satisfactory. 


The magnitude of ng can be determined independently. From observations [8] it is known that after the 
brightness maximum the intensity ratio Hy/ Hg > 1,but is considerably smaller than the theoretical value; the 
line Hy is considerably weaker than H.g the line Hy is not visible, while the higher members of the Balmer 
series are practically not absorbed. The continuous spectrum next to the He and Hg lines is not weakened. Thus, 
the optical thickness of the layer lying above the emitting layer is greater than unity for Hy and Hg, while it is 
of the order of unity for Hy. 


The optical thickness of the layer for the lines of the Balmer series is determined by the magnitude of nq. 
The optical thickness for the line Hy is given by the expression 


TH, = NooH,, Ar, (10) 


where Ar is the thickness of the layer and n, is found from the relation 


No ne mt hv42 n.. (11) 


n £1 Sy2Avi2 


Substituting the values of the constants into (11), we find 


Rag LOT Ang. 


Since Ty #1, oO}, #107! andn- Ar= 10%4-407°, from (10) and (11) we obtain ng = 107-10", Conse quently, 


the magnitude of ng found from the observations agrees with the magnitude calculated from the investigation of 
the ionization process taking place in the outer layers of the atmosphere. This is a confirmation of the ideas pre- 
sented above concerning the influence of the Ly radiation on the state of the atmospheres of long-period variable 
stars. 


3. The Formation and Development of the Line-Emission Spectrum of Low 
FO EE EE 
Excitation 


As the luminosity of a long-period variable falls, bright lines belonging to the atoms of Fel, MglI, and other 
metals appear in the spectrum. It was shown above that the metal atoms in the outer layers of the atmosphere are 
ionized by the radiation emitted from the lower layers of the atmosphere. The metal ions when recombining with 
free electrons must produce emission in the metal lines. Thus, the appearance of the bright metal lines is the re- 
sult of the existence of ionized metals in the atmosphere of the star. 
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Simultaneously with the bright lines of the neutral metals, bright lines of Fell and other doubly tonized 
atoms are observed for a considerable time after the brightness maximum. It appears that these lines are produced 
in the same regions of the atmosphere as the bright hydrogen lines because in the regions where the hydrogen is 
ionized, the iron is mainly in the doubly -ionized state (the Fell ionization potential is less than the energy of 
an La-quantum). In these layers the number of Fell atoms is small and therefore the number of Fell atoms re- 


combining is also small, Consequently, the bright lines of the neutral metals are mainly produced in the outer 
layers of the atmosphere.* 


The following features of the low-excitation emission spectrum (of the neutral metals) have been observed 
(1, 3]: 


1. The intensity of the bright lines relative to that of the continuous spectrum is small and only the strongest 
of them have a relative intensity comparable to that of the bright hydrogen lines at the luminosity maximum. 
However, when the bright lines have the maximum intensity, the continuous spectrum of the star weakens con- 
siderably, so that the absolute intensities of the bright Fel, Mgl, and other lines are considerably lower than the 
absolute intensities of the hydrogen lines at the luminosity maximum, 


2. The bright line frequently arises on the violet side of the corresponding absorption line and gradually 
gets stronger. At the same time the absorption line weakens so that when the intensity of the bright line is at a 
maximum, the absorption line is no longer visible. 


3. As the luminosity decreases, the number and the intensity of the bright lines increase and reach their 
maximum value approximately halfway along the descending branch of the light curve; after this,the bright 
lines gradually disappear and at the minimum of luminosity only the strongest lines remain, 


The increase of the intensity and the number of bright metal lines after the luminosity maximum can be 
explained as arising from the action of several factors. Firstly, the degree of ionization of the metals increases 
and the number of recombinations correspondingly increases. Secondly, the increased ionization of the metals 
leads to a decrease of the absorption in the metal lines. Moreover, the relative intensities of the bright lines in- 
crease as the luminosity of the star decreases and the continuous spectrum gets correspondingly weaker. 


As is known, in long-period variables the expansion velocity of the atmosphere decreases with distance from 
the center of the star. The ionization of the metals must proceed gradually, “layer by layer ", the outer layers 
being the last to be ionized,in the same way as it took place, according to V. V. Sobolev, in the envelope of N 
Herculis. Therefore, the region in which the bright metal line is originally formed moves away from the center 
of the star faster than the region in which there is absorption by the metals, so that the bright line appears on the 
violet side of the absorption line. 


Let us calculate approximately the energy Ey, emitted in the bright metal lines after the degree of ionization 
of the metals has reached its maximum value, from the following equation; 


dpe oe Cnt Nihy. (12) 


Taking C’= 10° 14 an = 107, Ni = 102 and hy & 10 4 we find Em & 10°! ergs/ sec, From this it follows 
that the energy radiated in all the bright lines is of the same order of magnitude as the energy radiated at the 
luminosity maximum in the hydrogen line Hg alone. This energy is distributed among hundreds of metal lines, 
Therefore, at the time of the maximum,most of the bright metal lines are imperceptible, but as the luminosity 
falls,their relative intensities increase. 

During the period of approximately 10” sec, the energy emitted ina 1 A interval of the continuous spectrum 
of o Ceti, at about 2 4150, decreases by a factor of 30 [6] (at longer wavelengths it decreases by a factor of 
100 or more) and is equal to 10-10" ergs/ sec, while at the maximum the enete). radiated in the same interval 
is 10°°-10°2 ergs/sec. Since the energy radiated in a bright metal line is 10°°-10 ergs/sec and the width of the 
line is 0.1-0.3 A, this line must be well marked after the decrease of the luminosity. 


When the flux of Lg -radiation is sufficiently low, the recombination of the metal ions will no longer be 
compensated by ionization and the radiation from the atmosphere in the metal lines weakens, The lifetime T; 


* The problem of the origin of the Fell lines {s investigated in the second part of this paper. 
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for the decay of the radiation in the metal lines is given by the expression 


fies ee (13) 
Crd 
Since C' 8 10" and n& wn, = 107, Ty is found to be of the order of 10’ sec which is in complete agreement 
with observation. The coefficients of recombination are not equal for the various metals. Because of this, the bright 
lines of the metals with small recombination coefficients must be observed longer than the lines of the metals with 
large recombination coefficients. 


Thus, the main features of the line-emission spectrum of low excitation are explained if we assume that the 
metal atoms in the atmospheres of the long-period variables are ionized by the L@-radiation escaping from the 
lower layers of the atmosphere. 


SUMMARY 


1. The emission in the bright hydrogen lines after the luminosity maximum of a long-period variable occurs 
as the result of recombination taking place in the lower layers of the atmsophere of the star where the hydrogen 
was initially ionized. 


2. A fraction of the number of Ly-quanta produced during recombination, because of the Doppler effect, 
escapes from the “decaying” region into the outer layers of the atmosphere of the star and by ionizing the metal 
atoms decreases the optical thickness of these layers. 


3. The ionized metal atoms on recombining emit line radiation, thus producing the line-emission spectrum 
of low excitation. 
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VARIATION OF THE COEFFICIENT OF TRANSPARENCY OF THE 
ATMOSPHERE DURING THE TOTAL SOLAR ECLIPSE OF JUNE 30, 1954 


B. D. Fomenko 


The variation of the coefficient of transparency of the atmosphere has been 
investigated in the case of the integral flux and in the spectral regions 2900-5250 A, 
5250-6250 A, and 6250-20,000 A during the total solar eclipse of June 30, 1954 and 
also investigated with the help of actinometric data obtained during other eclipses. 
Some features of the variation of the coefficient of transparency during the eclipse 
have been obtained. An estimate has been made of the variation of the thickness of 
the ozone layer as the result of its destruction at large eclipse phases, The influence 
of water vapor on the variation of the coefficient of transparency of the atmosphere 
has been evaluated. 


In the course of the processing of observational data obtained during a total eclipse of the sun, it is very im- 
portant for the astrophysicist to know the value of the coefficient of transparency of the atmosphere. For the absolute 
photometry of the solar corona, for the absolute photographic photometry, for the photometry in the various re- 
gions of the spectrum, and for a number of other problems, it is necessary to know the total coefficient of trans- 
parency of the atmosphere, as well as the coefficients of transparency for various spectral regions. 


In practice, the coefficient of atmospheric transparency is usually determined from observations made be - 
fore and after the eclipse [1, 2], The same values are also used at the moment of the total phase; at best, a few 
observations are made during the partial phase of the eclipse. This approach to the determination of the coefficient 
of atmospheric transparency cannot be considered acceptable. During the course of an eclipse, the coefficient of 
atmospheric transparency must vary and this variation must proceed regularly, inasmuch as the spectral energy 
distribution in the solar radiation flux changes as the sun is being screened. In addition to these variations, there 
will be others due to local meteorological conditions. The detailed variation can only be found by means of 
special investigations. In these observations the transparency coefficient must be determined, not from the slope 
of the Bouguer line, but from one measurement made at a definite time. Up to the present time, such investigations 
during an eclipse have not been carried out. 


The aim of the present work is to make up to some extent for the lack of such investigations; the contribu~ 
tion is limited because we restricted ourselves to the investigation of the variation of the transparency coefficient 
in the case of the integral flux and in the case of three spectral regions (2900-5250 A, 5250-6250 A, 6250-20,000 A) 


using actinometric and not spectrographic observations. 


In order to carry out the actinometric observations, the author organized an expedition of the Stalingrad 
Pedagogical Institute to the area of the total solar eclipse. The expedition was situated on the territory of the 
kolkhoz "Red October" (gy = 45° 48, \ = 40° 06) near Tikhoretsk | Actinometric and meteorological observations 


were made. Fourth-year students of the physico-mathe matical faculty; L. Makeeva, T. Bakumova, I. Gerasimenko, 
V. Matveev, L. Val'dman, I. Sadovova, took part in the investigations. 

In addition to our measurements, actinometric measurements carried out at our request at the agricultural 
meteorological station "Giant" (near Sal'sk) were used in the present work. The observations wege made under the 
direction of B. A. Klepatskii; besides there, the data obtained during the eclipse of June 9, 1945, observed in 
Karadag (Crimea) [3], the eclipse of May 9, 1948, observed in Tartu [4] and near Vladivostok [5], and the observa~ 
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tional data on the eclipse of June 19, 1936,obtained at Ak-Bulak by the geophysical expedition of the Kazakh 
University [6] were used, 


To determine the variation of the coefficient of atmospheric transparency, we had to calculate the intensity 
of the direct solar radiation at the top of the atmosphere in the case of the integral flux and three regions of the 
spectrum for different phases of the eclipse, taking into account the effect of solar limb darkening, to compare 
our results with the results obtained from the processing of the data of other eclipses, and to estimate the influence 
of meteorological factors on the variation of the coefficient of atmospheric transparency. In addition, an estimate 
of the variation of the thickness of the ozone layer and of the absorption of long-wave radiation by water vapor 
were made. 


Results of Observation 


The direct solar radiation in the region of the kolkhoz "Red October" was measured by us with the help of 
a Savinoy-Ianisheyskii actinometer No. 2, both without filters and with yellow OQ, and red RQ, Schott filters. 


The sensitive element of the actinometer was a blackened (on the side facing the sun) disc which had 36 
thermocouple junctions attached to it; the disc was fixed into a tube with a number of diaphragms. A detailed 
description of the Savinov-Ianishevskii actinometer is given in the monograph of V. N. Kedrolivanskii and M. S. 
Sternzat [7]. 


The current from the thermopile was measured by means of a needle galvanometer (yg) No. 55751 with a 
sensitivity of 1.5 - 10-§ amp, The galvanometer deflection is proportional to the intensity of solar radiation. The 
instrument is sensitive to the wavelength interval 2900-20,000 A. 


The actinometer was calibrated at the Stalingrad geophysical observatory on October 17, 1954,and once again 
on October 7, 1955, after the observatory actinometer had been calibrated by the State Actinometric Inspection 
Office. For the comparison of our actinometer with the observatory standard, we adhered. to the general specliicaaa 
recommended for the calibration of actinometric instruments [8]. 

my-cm?/ min 


The sensitivity of the actinometer was found to be equal to 6,305 eauigia pg AO) BEES the conversion factor 
ca 


1 
is 0.0134 2 . The results of the 1954 and 1955 calibrations differ by 0.2%. The error with which 
fia « cm* + min 


the full intensity of the solar radiation can be measured is 1.3%, . 

Glass Schott filters OQ; and RQ; were used for the measurement of radiation intensity in separate regions of 
the spectrum, As has been shown by A. Gordov [9], the optical properties of these filters (coefficients of trans-- 
mission and reflection) are unaffected by a high intensity of radiation. Moreover, their cut-off is very sharply 


defined, at ) 5250 A in the case of the yellow filter and ) 6250 in the case of the red [10]. 


10 my and a decrease of the transparency of the filter by 3%, 


According to K, Feussner[11],.a variation of temperature by 60° produces a shift of the spectral curve by 
In the case of a layer x mm thick, the amount of radiation transmitted, Vy is given by the expression 


Vy == hs 


where f, is the amount transmitted by a layer 1 mm thick, It is necessary to take into account the reflection at 
both surfaces of the filter. It has been shown by A Gordov [9] that the reflection coefficient R is practically the 
same for different wavelengths; R= 0.913, The total transmission coefficients of the filters OQ, and RQ, were 
determined by graphical integration. The areas sy, bounded by the ordinates ), and \, and the curve of the spectral 
intensity of the solar radiation falling on the filter, 


Ae 
% = \70) P™(n) dh 


Ma 


and sp, bounded by the ordinates \4 and ), and the curve of the spectral intensity of the radiation transmitted 
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through the filter, 


Az 
s.= R\I() P™ (QA) a, 


ry 


were measured; in the above expressions I ()) is in arbitrary units and has been taken according to the data of 
Abbot , P(A) is the coefficient of atmospheric transparency [12], and m is the mass of the atmosphere; m has been 
taken for the mid-point of the eclipse and is equal to 1.7. D= 84/5», ‘the filter transmission coefficient, is equal 
to 0.810 for OQ, and 0,848 for RQ,. The thickness of OQ, is 2.11 mm, that of RQ, is 1.80 mm, 


From the filter transmission coefficients obtained, it was possible to find the losses in the filters. The results 
of the measurement of the direct solar radiation are given in Table 1. 


RAB abo 
Time | n Ss ns Sy | Ne | | Sj 8 

14 hr 00 m 93200 Ay PRs 61.0 4.010 BD Pe 0.824 | 0.186 | 0.242 
10 93.4 4.250 61.0 4.010 BVA? 0.824 | 0.181 | 0.245 
20 93.2 1.248 | 60.9—61.0 |4.005 ny 2 0.824 | 0.181 | 0.243 
30 93.0 1.246 60.6 0.998 VA 0.824 | 0.174 | 0.248 
40 92.7 1.240 60.6 4.000 62:30 0.823 | 0.167 | 0.240 
50 92.0 4.230 60.5 0.996 52.0 0.823 | 0.173 | 0.234 

15 hr 00 m 91.0 42216 60.0 0.985 52.0 0.823 | 0.162 | 0.231 
10 89.0 4.189 5650 0.931 48.5 0.766. | 0.165 | 0.258 
20 85.4 4.136 54.7 0.904 46.0 OSTA OATS || O28 
30 81.0 1.082 52.5 0.864 43.2 0.684 | 0.180 | 0.218 
40 69.9—70.0 |0.948 46.5 0.766 38.0 0.602 | 0.164 | 0.183 
45 64.0 0.855 42.0 0.693 Al Tf 0.550 | 0.144 | 0.162 
50 57.5 0.770 38.4 0.634 31.6 0.500 | 0.134 | 0.136 
55 51.0 0.680 34.2 0.563 28.2 0.443 | 0.120 | 0.117 

46 hr 00 m 42.0 0.564 DES 0.459 23.6 OF37451 0 105n1 02402 
05 33.0—33.14 10.441 22.0 0.364 18.5 0.293 | 0.070 | 0.078 
10 Dae 0.320 15.6 0.257 | 14.2—14.3 |0.225 | 0.050 | 0.045 
45 16.0 0.213 AAS 0.186 10.2 0.162 | 0.024 | 0.027 
20 6.8 0.095 59.0 0.083 45 = 47 OORO Foe Oe OL amOnOdia, 
2.2, °4.9 0.066 3.5 0.059 Biel 0.050 | 0.009 | 0.007 
25 2.0 0 :0268 aay 0.025 1.4 0.022 | 0.003 | 0.0016 
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
30.5 0.8—0.9 |0.0114 0.6 0.0098} 0.5—0.6 {0.0092} 0.0016} 0.0014 
35 6.9—7.0 |0.087 4.8 0.080 Yu} 0.069 | 0.011 | 0.006 
37 10.0 0.134 (nO——sedeee| Oeaand 6.4 0.101 | 0.016 | 0.017 
40 15.0 0.200 10.4 Osa OR 0.153 | 0.020 | 0.027 
45 2250 0.300 Oe, 0.258 14.5 0.228 | 0.030 | 0.042 
50 31.0 0.414 20.5 0.336 18.5 0.293 | 0.043 | 0.078 

47 hr 00 m 46.0 0.614 28.7 0.474 29.8 0.407 | 0.064 | 0.143 
10 60.0 0.806 37.0 0.606 O10 0.489 | 0.117 | 0.200 
20 75.0 4.000 45.3 0.746 36.2 OL573 NOEL 4s |FOR203 
30 81.3 4.08 02.0 0.857 41.8 0.660 | 0.197 | 0.223 
40 82.5 4.10 Done, 0.862 43.0 0.680: | 0.1477 | 0.243 


n, Ny, Ny denote the galvanometer scale readings without a filter, and with the yellow and red filters, respec- 
tively; S, Sy, and Sz denote the radiation intensities in cal/ cm” min without a filter, with a yellow filter, and 
with a red filter, respectively. Losses in the filters have been taken into account. The measurements made with 
the use of the filters lead to the selection of three spectral regions; 1) from 2900 to 5250 A, 2) from 5250 to 6250 
A, and 3) from 6250 A to 20,000A. The first can be obtained as the difference S —S,; we will call it the short- 
wave region and denote S — Sq by Sg;_ the second, obtained as the difference S; — Sz , will be called the inter- 
mediate region and S,— S; will be denoted by Sj; the third region is directly selected by the filter RQ, and we 


will call it the long-wave region — S; . 


Variation of the Coefficient of Atmospheric Transparency During an Eclipse 
yéristion of tne Coctiicos ot 


The coefficients of atmospheric transparency for the partial phases of an eclipse were calculated from the 
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formula 


Sms pein 


where Sym is the intensity of the direct solar radiation at the earth's surface, So is the intensity of the radiation at 
the top of the atmosphere (when there is no eclipse, Sp is the solar constant, whose value was taken by us in accord- 
ance with the European scale, taking into account the distance between the earth and the sun); the noneclipse 
value of Sq for July 1 was taken equal to 1.82 cal/ cm. min; Pi, is the coefficient of transparency; m fs the 
“mass” of the atmosphere according to Bemparade. 


It should be pointed out that the problem of the 


LYTY) value of So has not yet been settled as can be seen from 
10 the analysis of the latest results given by Waldmeier 
290 [13] in the second revised edition of his book "The 
Pe Results and Problems of Solar Investigations." 

20 The coefficients of atmospheric transparency 

260 for individual spectral regions were calculated from 

an analogous formulas 
050 

i 

Ge Z Sax = Soars Pry 


fe be ee ee Ea ee. 
1 G2 03 24 U5 26 4708 089 1 
a ke eee where SA) is the radiation intensity at the surface of 


sind: 
the earth and S that at the top of the atmosphere. 
Fig. 1. Solar limb darkening in the case of ie ak oe aes P 
the total flux. Curve 1 — from observation; In order to determine P;, and Pay it is necessary — 
curve 2 — from Chandrasekhar's exact solution. to know Sp and So,AX for the partial phases of an 


eclipse. This quantity was calculated by a graphical 
integration with limb darkening of the sun taken into account. In the calculations we have used the data on limb 
darkening given by Allen [14] and Aller [15], inasmuch as their results are practically identical for sind = 0,954, 
where 9 denotes in degrees the distance from the center of the solar disc. Curve 1 of Fig. 1 gives the limb darken- 
ing in the case of the itegral flux and curve 2 the limb darkening obtained from Chandrasekhar's exact solution. 
For the calculation of Sq for different phases of an eclipse, the whole solar disc was subdivided into 12 zones, in- 
cluding the central one. The width of the first 8 inner zones corresponds to a change of 0,10 in sin®, and that 
of the outer zones to a change of 0.05 in sin ®, The relative brightness of each zone was put equal to the relative 
brightness of the center of the corresponding zone. The values of Sp jy for the different eclipse phases and for _ 
the spectral regions at ) = 4330, 5900, and 7300 A were calculated in an analogous manner. The noneclipse 
values of So,Ar are 0.493 cal/ cm” min for the "short-wave" region, 0,245 cal/ cm? min for the "intermediate" 
region, and 1.082 cal/ cm” min for the "longswave" region. As has been pointed out by S. P. Popov [16], there 
are no generally accepted values of Sp A for spectral regions selected by the OQ, and RQ, filters, Our values 
are different from those recommended by S. P. Popov by an insignificant amount: by 0.003, 0.004, and 0.001 
absolute units, respectively. 


The distribution of energy in absolute units in the solar spectrum was taken from a table given by K. Ia. 
Kondrat*ev [12]. The numerical data given .by him are according to the 1948 U.S. pyroheliometric scale which 
is based on the Smithsonian measurements, Recently G. F. Sitnik [17] and E. A. Makarova [18] in the U.S.S.R. 
have measured the distribution of energy (in absolute units) in the spectrum of the center of the sun in the inter- 
val of 3500-8000 A. 


The results of the calculation of Sq and So,,, for the different eclipse phases are given in Table 2. 


In Fig. 2, curve 1 shows the variation of Sp according to the data of Table 2; for comparison, curve 2 shows 
the variation of Sp calculated without allowing for limb darkening. 


If in the calculation of S for the integral radiation flux, Chandrasekhar's results on limb darkening are used, 
then the value of Sq at the phase 0.95 is 4% lower than that given by us in Table 2, while at phase 0.4 the discrepanc 
is 0.3%, 


The calculated coefficients of atmospheric transparency for the integral radiation flux and for the “short-wave 
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"intermediate," and “long-wave” regions of the spectrum are presented in Table 3. In the course of the eclipse, 
the mass of the atmosphere in the region of the kolkhoz "Red October® changed from 1.350 to 2.2. The calculation 
of the coefficient of transparency for the second half of the eclipse was terminated at the phase 0.2, since the 
measurements made towards the end of the eclipse were vitiated by the appearance of clouds. 


TABLE 92 
So, Ar 
Phase Se - 
290052504, 5250—6250 A 6250—20000 A 
0.0 1.820 0.493 0.245 1.082 
0.4 41.762 0.479 0.237 1.045 
0.2 4.651 0.450 0.222 0.998 
0.3 1.494 0.406 0.202 0.883 
0.4 4.3098 0.354 0.174 0.772 
0.5 1.093 0.294 0.147 0.658 
0.6 0.865 0.234 0.145 0.524 
0.7 0.615 0.162 0.082 0.374 
0.8 0.389 0.1045 0.0521 0.2345 
0.85 0.270 0.0742 0.0365 0.1603 
0.9 0.1413 0.0340 0.0184 0.0893 
0.93 0.0775 0.0175 0,0400 0.0502 
0.95 0.0482 0.0102 0.0055 0.0323 
0.97 0.0222 0.0043 0.0024 0.0152 
TABLE 3 
< 
< au < a| 3 
ad S N Ss = i) Ss = 
3 ze S | § & A Sona 
Y | & ] Seth GOP | 
SR eet S B ra ROA s 3 3. 
retail bn = a aie |sa g erin $8 
| 
0.0 | 0.725 | 0.575 |0.754]0.798] 0.95 | 0.746 | 0.485 |0.700] 0.859 
0.4 | 0.746 | 0.580 |0.803]0.750] 0.95 | 0.7341 | 0.465 | 0.635] 0.822 
0.2 | 0.7143 | 0.584 |0.844]0.761] 0.9 | 0.701 | 0.442 |0.579] 0.761 
0.3 | 0.736 | 0.583 |0.868]0.777] 0.85 | 0.695 | 0.421 |0.580| 0.753 
0.4 | 0.744 | 0.574 |0.890]0.788] 0.8 | 0.687 | 0.467 |0.583] 0.786 
0.5 | 0.747 | 0.569 |0.898]0.795|| 0.7 | 0.741 | 0.588 |0.661] 0.842 
0.6 | 0.755 | 0.588 |0.892]0.803|} 0.6 | 0.726 | 0.627 |0.625] 0.777 
0.7 | 0.753 | 0.557 |0.817|0.812] 0.5 | 0.744 | 0.689 |0.649]| 0.778 
0.8 | 0.723 | 0.445 |0.668|0.790]/ 0.4 | 0.753 | 0.714 |0.745]| 0.775 
0.85 | 0.725 | 0.423 |0.633/0.790] 0.3 | 0.770 | 0.731 |0.808] 0.768 
0.9 | 0.736 | 0.449 |0.606/0.788/ 0.2 | 0.778 | 0.743 |0.867| 0.775 


The behavior of the total transparency coefficient for the kolkhoz "Red October” is given in Fig. 33 ce the 
same figure the variation of the transparency coefficient calculated without allowing for the solar oop darkining 
is also shown. We have also calculated the total coefficients of atmospheric transparency for the eclipses observed 
at the Agricultural Meteorological Station "Giant," in Ak-Bulak, Vladivostok, pee Ratadag Numerical data are 
not given here for lack of space, but the curves for the variation of the total coefficient of atmospheric transparency 
are given in Fig. 4. 

From Fig. 4 it can be seen that there is a similarity between the curves ee various eclipses which were 
observed at different places under different meteorological conditions: the coeieien: of transparency cee 
during the first half of the eclipse up to phase 0.75-0.8;then it increases cous lista after the et phase it de- 
creases (up to phase 0.8-0.75), and then in the second half of the eelipse it begins 2 increase with piss 
phase of the eclipse. Variations arising out of meteorological conditions at the point of observation (kolkhoz ; 
October” — first half of the eclipse, Ak-Bulak, AMS "Giant" — second half of the eclipse) are superposed on this 
regular variation, The symmetry of the curves can therefore be seriously distorted. 
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The curves for the coefficients of transparency calculated on the assumption that there {s no solar limb 
darkening are markedly different from the curves calculated with the limb darkening taken into account. The 
eclipse itself results in a considerable decrease in the total coefficient of transparency (because of a lowered 
radiation flux), while the reddening of the radiation (because of the effect of limb darkening) acts in the opposite 
direction. The second effect counterbalances the first,and close to totality there is even an increase of the coef- 
ficient of transparency. At eclipse phases of 0.95, the total coefficient of transparency is on the average 3-5% 
higher than its value before the eclipse and, possibly, it increases even more as the phase increases further. 
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Phase Phase 
Fig. 2. The intensity of the direct solar Fig. 3. The coefficient of atmospheric 
radiation at the top of the atmosphere. transparency for the integral flux 
Curve 1~— solar limb darkening taken into (kolkhoz “Red October"). Curve 1 — 
account; curve 2 — solar limb darkening solar limb darkening taken into account; 
not taken into account. curve 2 —solar limb darkening not taken 


into account. 


The main atmospheric factors which influence the transparency of the atmosphere are ozone and water 
vapor. Therefore it is of interest to investigate the variations of the coefficients of transparency for the “short- 
wave" and “long-wave” regions of the spectrum. 
Fig. 5 shows the variation of the coefficient of 
transparency for the "long-wave" region, and 
Fig. 6 that for the "short-wave" region. The curves 
for Ak-Bulak, Karadag, and Tartu are given in the 
same figures. The numerical values of the coefficien 
which we have calculated are not given here for lack 
of space. In the case of Tartu, only the behavior of 
the curve is shown since absolute measurements of 
the radiation were not made, 


The values of P, , are not affected by the 
Forbes effect, since all the observations were made 
with the sun situated at zenith angles less than 68°, 
As has been shown by E. V. Piaskovskaia-Fesenkova 
[19], in the case of observations made with filters, 
as a rule, the relation between the logarithm of the 
intensity and the atmospheric mass remains linear 
up to a zenith distance of 81-83°. In another paper 
0 U2 0406 08 W 0806 0402 0 [20], E. V. Piaskovskaia -Fesenkova shows that for 
Phase a blue filter (transmission-band width 200 mp) P AN 
Fig. 4. the cooticlent cr aimenmnere changes by 1% for a variation of the atmospheric 
tahaperehen on Cho ine cnet anteee mass from 2 to 6, while the change in the case of a 
a a. sag ; red filter is only 0.1%, In our case the atmospheri 
1) Ak-Bulak, 2) Vladivostok, 3) Karadag, y 5 dre ae 
mass did not exceed 3 and, consequently, the errors 


4) Agricultural Meteorological Station "Giant." 
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in PA, are less than 0.5% in the 


case of the "short-wave" region and less than 0.1% in the case of the “long-wave” 
region. 


O 2 4 6 8 10.08 G6 0402 0 O G2 U4 G6 C810 08 06 A402 0 
Phase Phase 
Fig. 5. The coefficient of atmospheric Fig. 6. The coefficient of atmospheric 
transparency for the spectral region transparency for the spectral region 
6250-20,000 A; 1) kolkhoz “Red 2900-5250 As 1) kolkhoz "Red October;" 
October;” 2) Ak-Bulak; 3) Karadag. 2) Ak-Bulak; 3) Karadags 4) Tartu. 


From the curves of the coefficient of transparency for the “long-wave” spectral region (Fig. 5) we see that 
there is a general tendency for the coefficient to increase towards the middle of the eclipse. The dips in the 
curves and the decrease of the coefficient during the second half of the eclipse and the dip in the curves constructed 
for the kolkhoz "Red October” are caused by an appreciable absorption of the radiation by water vapor. 
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Fig. 7, The proportion of "long-wave" Fig. 8. The proportion of "short-wave" 
radiation in the integral flux at the top of radiation in the integral flux at the top 
of the atmosphere and at the surface of of the atmosphere and at the surface of 
the earthy 1) kolkhoz "Red October;" the earths; 1) kolkhoz "Red October;" 
2) Ak-Bulak; 3) Karadag. 2) Ak-Bulak; 4) Karadag. 


In the case of the "short-wave" region of the spectrum (Fig. 6), the coefficient of transparency at the beginning 
of the eclipse is seen to decrease with increasing phase and only for phases greater than 0.85 does it increase by 
5-71%, During the second half of the eclipse, there is a decrease until the phase is 0.9-0.85, At about a phase of 
0.4, the coefficient is observed to increase again by 12 and 3%, respectively. 


In order to determine the role played by the atmosphere, we have calculated the proportion of the “long- 
wave" and “short-wave” radiation present in the integral flux at the top of the atmosphere and compared these 
values with the ones observed. In Fig. 7 this comparison has been made for all the observation points in the case 
of the “long-wave” radiation, and in Fig. 8 for the case of the “short-wave” radiation. 
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As the eclipse phase increases, the proportion of "long-wave" radiation increases particularly sharply after 
phase 0.8. The experimental curve follows the theoretical curve (for the top of the atmosphere) and if the atmos~ 
phere had been ideal, we would have observed a symmetrical picture relative to the instant of maximum phase. 

It is known that as the distance of the sun from the zenith increases, the proportion of long-wave radiation in the 
total radiation flux increases. For this reason the experimental curves lie above the theoretical ones at the beginning 
of the second half of the eclipse (kolkhoz "Red October"), The atmospheric mass has increased by a factor of 1.4 
from the time of the start of the eclipse to the time of phase 0.6 in the second half of the eclipse. After the phase 
0.6 there is a sharp decrease in the proportion of the long-wave radiation produced by a strong absorption of long - 
wave radiation by water vapor, whose concentration increased at thattime. At Ak-Bulak, the experimental curve 
for the first half of the eclipse is higher than in the second since the eclipse was observed during the first half of 
the day and the atmospheric mass decreased by a factor of 1.55. A partial eclipse was observed in Karadag; there - 
fore the increase in the proportion of the long-wave component was less clearly marked. The eclipse was observed 
during the second half of the day and therefore the proportion of long-wave radiation during the second half of the 
eclipse was greater than that during the first. The atmospheric mass increased by a factor of 2.2 


The curve giving the observed proportion of short-wave radiation in the integral radiation flux lies below the 
theoretical curve since the losses of short-wave radiation through scattering are high. A noticeable drop begins 
after phase 0.75. Thus, as the eclipse phase increases, the proportion of long-wave radiation in the integral solar 
radiation flux at the top of the atmosphere increases by 10% to the time of phase 0.98, while the proportion of 
short- wave radiation decreases by 8%, The proportion of the radiation in the intermediate region of the spectrum 
falls by 2%. The earth's atmosphere produces a serious distortion in these changes, particularly in the long-wave 
region of the spectrum. The proportion of long-wave radiation can increase by 15-18% at the middle of the 
eclipse as compared to the beginning of the eclipse. An increase in the concentration of water vapor can lead to 
a considerable decrease in the proportion of long-wave radiation and the latter can become less than the value 
at the top of the atmosphere. 


From a comparison of the coefficients of atmospheric transparency for the various spectral regions determined 
for the various eclipses and points of observation, it is possible to arrive at certain features which are common to 
these observations. The coefficient of transparency for the long-wave region of the spectrum is observed to in- 
crease appreciably towards the middle of the eclipse, while in the short-wave and intermediate regions the coefficier 
of transparency is observed to decrease as the phase increases, particularly for phases greater than 0.65. At the middl 
of the eclipse, beginning with a phase of 0.9, there is a slight increase in the coefficient of transparency; it increases 
by 5-7%, but its value still remains considerably smaller than that before the eclipse. A secondary increase in the 
coefficient of transparency for the short-wave region of the spectrum is sometimes, but not always, observed at 
about a phase of 0.4. 


Changes in the Ozone Layer and the Transparency of the Atmosphere in the Short- 
Wave Region of the Spectrum 


We assume that the increase in the coefficient of transparency at the middle of the eclipse, between the 
phases of 0.9, is associated with a change in the thickness of the ozone layer. It is obvious that, in the limiting 
case, actinometric measurements can lead to a determination of the variations in the intensity of the solar radiation 
in the short-wave region of the spectrum, although detailed spectrographic observations should be made in the 
future. According to Kawabata [21], who observed the eclipse of June 19, 1936 inTokyo, there is evidence that 
the concentration of ozone changed during the eclipse, In a very short note he points out that the ozone concentra- 
tion dropped between the first and second contacts. N. Gerlow, Ollson, and Schlep [22] have measured the direct 
solar radiation in the region of the Chappuis absorption band with a Molle thermopile during the eclipse of July 
9, 1945 which was observed in Lovanger (Sweden), They observed a decrease in the amount of ozone present 
form 0.3 cm at the beginning of the eclipse to 0.2 cm at the end. The authors hesitate to ascribe these changes to 
the action of the eclipse itself. 


We have carried out calculations to determine the ozone concentration in the ozone layer during an eclipse 
and to determine the variations in the thickness of the layer. In these calculations we have used the following 
assumptions: 


1) The formation of ozone and its decomposition [23, 24] take place under the action of short-wave solar 
radiation. The ozone is formed as the result of a photochemical reaction when oxygen absorbs radiation in the 


848 


Schuman (1750-2100 A) and the Hertzberg (2400-2600 A) spectral regions. The decomposition of ozone takes place 


a. the action of radiation of longer wavelengths in the Hartley (2400-3600 A) and Chappuis (4400-6500 A) 
ands. 


2) As the eclipse phase increases, the ratio of the intensities of the ozone -forming and ozone -destroying 
radiation decreases because of the effect of limb darkening. This must lead to a decrease in the ozone concentra- 
tion and, consequently, to a decrease in the thickness of the ozone layer. 


In the calculation of the intensities of the ozone -forming and ozone-destroying radiation at the top of the 
atmosphere as a function of the eclipse phase, the spectral region of the ozone~forming radiation was divided into 
two parts: 1) 1850-2200 A and 2) 2200-2600 A, while the region of ozone -destroying radiation was divided into 
five parts: 1) 2400-2600 A, 2) 2600-3000 A, 3) 3000-3400 A, 4) 4400-5000 A, and 5) 5000-6500 A. This 
division into spectral intervals was made so as to take better into account the effect of limb darkening, while the 
above widths for the intervals were chosen because calculated average absorption coefficients for oxygen and ozone 
are available for them. The total intensity of the ozone-forming and ozone -destroying radiation at the top of the 
atmosphere, calculated by us, is given in Table 4. 


TABLE 4 
Ve VEO AY So, Ar 
in abs. units ; in abs. units 
Phase ozone - ozone- Phase | ozone - zone - 
forming destroying forming _|destroying 
0.0 0.00420 0.5973 0.8 0.000782 0.1352 
0.2 0.00379 0.5539 0.85 | 0.000530 0.0923 
0.4 0.00293 0.4461 0.9 0.000241 0.04388 
0.6 0.00188 0.2904 0.93 | 0.000122 0.02478 
0.7 0.00132 0.2063 0.95 | 0.0000675 0.01437 


At the phase of 0.95, the ratio of the intensities of ozone-destroying and ozone~-forming radiation has in- 
creased by a factor of 1.55. 


The concentration of ozone ina layer at a height of 20-25 km was estimated from the Nicolet formula: 


— Bis 2 en ae a, 
Ng = 3 Ras ns (1 La as ? 


Ne MoS 


where K4/ Kj, is the ratio of the rates of ozone-forming and ozone~destroying reactions, n, the number of oxygen 
molecules per unit volume, ng the number of ozone molecules per unit volume at equilibrium, , and os are the 
absorption coefficients of oxygen and ozone, and S, and Sz, the intensities of the ozone-forming and ozone -destroy ~ 
ing radiation. The height of the layer has-been taken as 20-25 km because the center of mass of the ozone layer 
is situated at a height of 22-23 km. Allen [14] gives it as 21 km; according to the measurements of A. P. Kuz- 
netsoy [25] near Moscow, the center of mass is situated at a height of 23 km. 


The concentration of oxygen molecules has been taken equal to 2.8 - 10" [24], the ratio Ky /K4, for this 
layer according to Schroer [23] is equal to 4° 10°, The average value of a, the oxygen absorption coefficient, 
is 8.34 - 107§ cm“! the average ozone absorption coefficient og is equal to 1.43 cm™! [23]. According to Mitra 


[24], at equilibirum the ratio n,/n, does not exceed to: 


The variation of the ozone concentration and the variation in the thickness d of the ozone layer, for initial 
thicknesses of 0.3 and 0.36 cm, as functions of the eclipse phase are given in Table 5. 


The concentration of ozone in the 20-25 km layer when there is no eclipse is found to be in good agreement 
with Schroer's data. As can be seen from the table, when the phase is 0.95,the thickness of the ozone layer is yy 
of the original thickness; we should observe considerable changes in the thickness of the ozone layer during the 
last 10 minutes before the second contact and the first 10 minutes after the third contact. These variations should 


result in a considerable increase in the intensity of the solar radiation in the short-wave region since there is 
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considerably less absorption in the ozone layer, At this moment we should observe an increase in the atmospheric 
transparency in the short-wave region of the spectrum, 


TABLE 5 
Phase 7g+10"* | d,cm | Phase | n’,- 10% | ‘d, cm 
0.0 3.85 0.300 0.360 0.8 3,30 0.252 0.308 
0.2 3.75 0.292 0.354 0.85 3.45 0.244 0.294 
0.4 3.67 0.285 0.343 O29 2.98 0.225 0.276 
0.6 3.07 0.277 0.338 0.93 2.79 0.240 0.257 
0.7 3.02 0.271 0.329 0.95 2.56 0.200 0.240 


In order to determine the radiation~intensity variations that should be observed during an eclipse, we have 
calculated the intensity of the solar radiation after traversal of the ozone layer in the case when the thickness 
remains constant and when it changes. The calculations were made for two values of the initial thickness of the 
ozone layer: 0.3 cm and 0.36 cm. The calculations were carried out for the spectral region 2900-5250 A, both 
for the whole region with the use of the weighted-mean value of the ozone absorption coefficient, as well as for 
the separate narrow regions; the two results were then compared. The attenuation of the radiation in the ozone 
layer was determined from the formula 


—a,dm 
Sax = So,anr1007. , 


where a; is the ozone absorption coefficient, d the thickness of the ozone layer, and m the atmospheric mass. 


Q7 &8 U8 10 G8 28 a7 Q7 28 G9 10 29 28 07 
Phase Phase 
Fig. 9. Variation of the coefficient Fig. 10. Variation of the coefficient 
of atmospheric transparency produced of atmospheric transparency pro- 
by a change in the thickness of the duced by a change in the ozone- 
ozone layer in the region of the layer thickness in the case of 
kolkhoz "Red October,” Ak-Bulak. 


The calculations have shown that by the time of phase 0.95 there has been an increase in the intensity of 
radiation by 4.5-4%, This increase is adequate to account for the increase of the coefficient of transparency for 
the short-wave region between the phases of 0.85. 


Figures 9 and 10 show the observed variations of the coefficient of transparency during large phases (full line) 
and the variations which would have been observed at the kolkhoz "Red October" and Ak-Bulak if the ozone-layer 
thickness were constant (dotted line). The figures refer to the case d= 0.36. The crosses denote values of PAX 
calculated from the molecular scattering and the absorption by the ozone, with the variations of the ozone layer 
taken into account. 


As was shown by G. M. Dobson, A. V. Brewer, and B. M. Cwilong [26], after the passage of a cold front 
a considerable increase in the amount of ozone present is observed: the increase is up to 13%, or more, of the 
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average value which is equal to 0.8 cm, The kolkhoz "Red October" was at the rear of a cold front. G, M, Dobson 
points out that the region in which the amount of ozone increases is considerable and can be up to 1000 km long, 


The calculations made show that the decrease in the thickness of the ozone layer by a third is completely 
adequate to account for the increased transparency of the atmosphere in the short-wave region by 5-7%. This 


effect can be observed, apparently up to a phase of 0.9, ina strip 200-350 km wide on either side of the central 
track of the eclipse. 


The Absorption of Solar Radiation by Water Vapor and Atmospheric Transparency in 
a oP eee emp A eC ya 
the Long-Wave Region of the Spectrum 


The water vapor in the atmosphere is the main factor responsible for the absorption of solar radiation. Its 
concentration in the atmosphere determines, not only the transparency of the atmosphere in the long-wave region 
of the spectrum, but also the atmospheric transparency for the integral flux. 


It is known that the long-wave region of the spectrum contains a large number of water-vapor absorption 
bands, of which the main ones are a, 0.8, por,&, ¥, and Q. The difficulty in evaluating the absorption 
of radiation in these bands (in addition to the complexity of the system) is also due to the fact that the experi- 
mental data on the radiation absorption have been obtained from laboratory measurements carried out at tempera- 
tures and pressures which are different from those observed in the actual atmosphere. Almost every investigation 
is based on the well-known measurements of Fowle [27], although they were obtained for low water-vapor con- 
centrations, while the Mugge -Meller [28] formula is often used for the calculation of the total absorption. 


Various methods for the calculation of the absorption of solar radiation have been reviewed by K. Ia. Kondrat*ev 
[29, 30]. All of the existing methods are applicable to actual conditions and special problems can be solved; as 
has been correctly pointed out by W. Godson [31], it is usually only possible to carry out an approximate calculation 
in the case of some simplified problem. 


To determine the total absorption of long-wave radiation by water vapor it is useful to use, not the absorption 
coefficients, but the absorption function. E. S. Kuznetsov [32, 33] has recently developed an exact mathematical 
method for determining the coefficients of absorption when the experimental results are presented in the form of 
a transmission function, For each transmission band the function has been given as 


P(W) = e-2™ + (1 — ze 8. 


Here W is the amount of water vapor present in a column of atmosphere 1 cm? in cross section. The parameters 
a and 8B can be considered as “average” absorption coefficients for the particular band; a refers to a number of 
nonoverlapping regions whose total width is y, while 6 refers to all the other absorbing regions with a width of 


d—y). 


A generalized transmission function was introduced for the whole of the long-wave region: 
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where k, is the absorption coefficient and S) is the radiation intensity. 


From the Kuznetsov generalized transmission functions, we have calculated the absorption of radiation in 
absolute units for the kolkhoz "Red October" during the eclipse (Table 6, second column); for comparison, the 
observed values of the absorption As are given in the third column of Table 6. From the observed values we have 
calculated the generalized transmission function P(W) (fourth column) and these values are compared in Fig. 11 
with the theoretical values of P(W) given by E. S. Kuznetsov (curve 1); in the same figure, P(W) according to 
Meller is shown by curve 2. The total moisture content in a column of the atmosphere pointing in the direction 
of the sun is given in the fifth column of Table 6; the unit used is centimeters of condensed water. The total 


moisture content W was calculated from S. I. Sivkov's formula [34] 
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Cee, 


which was checked by observations in the region of Krasnodar (about 100 km from our observation point). In the 
above formula, ey denotes the absolute humidity in millimeters at the surface of the earth, The measured values of 


of €9 are given in the sixth column of Table 6. 


TABLE 6 
AS 

Phase from [33] | AS obs. | P (W) | i | & 
14hr 50 m 0.278 0.259 0.760 3.10 13.3 
145hr 10 m 0.317 0.316 0.707 3.12 15.5 
0.0 0.327 0.356 0.670. 3.49 18.0 

0.1 0.322 0.340 0.675 3.69 18.7 

0.2 0.303 0.313 0.680 3.79 18.8 

0.3 0.277 0.272 0.691 3.88 18.8 

0.4 0.243 0.227 0.705 3.98 19.4 

0.5 0.208 0.193 0.706 4.07 18.9 

0.6 0.156 0.150 0.715 3.18 17.9 

Ord 0.109 0.103 0.724 4.04 18.0 

0.8 0.073 0.077 0.670 3.63 17.9 

0.9 0.029 0.025 0.704 4.46 18.8 

0.95 0.0104 0.0092 0.671 4.74 19.4 

0.9 0.0342 0.0302 0.645 4.81 19.14 

0.8 0.079 0.08145 0.652 5.00 19.4 

0.7 0.126 0.124 0.678 5.10 19.3 

0.6 0.178 6.199 0.621 9.20 19.6 

0.5 0.228 0.258 0.610 9.49 19.4 

0.4 0.268 0.315 0.592 5.70 19.6 

0.3 0.309 0.372 0.579 5.86 19.8 

0.2 0.348 0.422 0.568 6.21 20.0 


From the data given in the table it can be seen that up to values of 5 cm for the moisture content in the 
atmosphere, there is good agreement between the observed values for the absorption and those calculated by 


TFL IRAN GE 7 EW 


Fig. 11. The transmission function 
for water vapor; 1) according to 
E. S. Kuznetsoy, and 2) according 
to F. Meller. The points denote 
values obtained from observation. 
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Fig. 12. The absorption of radiation by 
water vapors 1) for constant humidity 
and 2) observed. 


E. S. Kuznetsov's method; the discrepancy between the 

two does not exceed 2%, while the mean error is 1.6%; 
however, for a higher moisture content, there is a syste- 
matic deviation from the values of P(W) given by Kuznetsov, 
the deviation becomes larger with increasing W and 

reaches a value of 7.6% for W= 6.2 cm. This depends, 


not so much on the increase of W as the result of the increase of the optical thickness of the atmosphere, as on the 
increase of the absolute humidity of the atmosphere. This is seen from Fig. 12, where curve 1 shows the magnitude 
of radiation absorption during the eclipse if the humidity were constant (15.5 mm), while curve 2 shows the ob- 
served absorption in percent of the intensity of the long-wave radiation. It is seen that the relative absorption in- 
creases with increasing absolute humidity and is 9% higher at the end of the eclipse than at the beginning, It may 

be conjectured that for an absolute humidity of 19.5-20 mm and m = 2, there is an increase in the specific absorption 
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coefficient of water vapor. The existence of this effect in a laboratory experiment has recently been pointed out 


by A. M. Brounshtein [35]. For further verification of this, it is necessary to carry out special investigations for 
a real atmosphere. 
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Fig. 13. The total variation in the direct solar-radiation flux; 
1) at the top of the atmosphere; 2) after molecular scattering 
and absorption by ozone; 3) after absorption by water vapor; 
4) observed at the surface of the earth. 

The above calculations show that the variation of the transparency in the long-wave region of the spectrum 
and in the case of the integral radiation flux when the moisture content of the atmosphere increases, can be accounted 
for by an increased absorption by water vapor. 

In conclusion, Fig. 13 shows the variations in the radiant flux that took place during the eclipse of June 30, 
1954, as observed at the kolkhoz "Red October.” Curve 1 denotes the intensity of the direct solar radiation at the 
top of the atmosphere, curve 2 the radiation intensity after scattering and ozone absorption, curve 3 that after 


absorption by water vapor, and curve 4 shows the observed intensity at the surface of the earth. The area between 
the curves represent the radiation losses,in absolute units,as the result of molecular scattering and ozone absorption, 


the absorption by water vapor, and the aerosol losses. 


The work which we have carried out makes up to some extent for the lack of investigations of the variation 
of the coefficient of transparency of the atmosphere and the studies of the influence of atmospheric factors on these 


variations in the course of a solar eclipse. 


Stalingrad Pedagogical Institute Received February 16, 1957. 


P, K. Shternberg 
State Astronomical Institute 
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SOLAR LIMB DARKENING AT WAVELENGTHS OF 1-4 u 


N. I. Kozhevnikov 


Solar limb darkening was investigated in the infrared region from 
1.07 p to 3.92 w with the help of an infrared spectrograph IRS-11. The 
results obtained, on the whole, are in agreement with those of Pierce and 
Peyturaux. 


There is an increase in the limb darkening at wavelengths of about 
1.78 2 and 2.36 # by comparsion with neighboring regions of the spectrum, 


1. In 1954-1955 we investigated the phenomenon of limb darkening in the spectral region 1.07-3.92 L. 
The work was carried out with the help of an infrared spectrograph IKS-11 in combination with the horizontal solar 
telescope of the Kuchinsk Astrophysical Observatory (focal distance 15 m, mirror diameter 0.3 m). 


2. The infrared spectrograph (IKS~11) is intended for the investigation of infrared emission and absorption 
spectra of various substances, The instrument is mass-produced for the use of physico-chemical laboratories. 


Its application to astrophysical measurements requires small alterations in the optical and electrical systems 
of the instrument. The spectrograph consists of a monochromator, an energy-sensitive device with an amplifier, 
and a recorder, The monochromator is constructed according to an autocollimating principle. The dispersing 
system consists of interchangeable alkali halide (KCI, KBr, NaCl, LiF) and/glass (F-1) prisms. The linear dispersion 
of the prisms is variable between the limits 0.035 u/ mm (for the LiF prism) to 0.291 p/ mm (for the KBr prism). 


The energy~-sensitive device is a compensated vacuum radiation thermoelement. The thermocouple has two 
junctions (manganin and constantan are used in each junction) connected in opposition to one another. One of the 
junctions is used to measure the incident energy, while the other is used to compensate for the external influences 
on both junctions. The sensitivity of the thermoelement is 1.4 v/ w. 


The current from the thermoelement is used to operate Kozyrev a photoelectrooptical amplifier (FEOU -15). 
The principle of operation of the FEOU~-15 is that of a photorelay. The signal from the FEOU~-15 goes to a mirror 
galvanometer. The deflection of the galvyanometer mirror is recorded on light-sensitive paper. 


An energy of 107® w can be measured with this instrument. 


3. In the autumn of 1954 the infrared region of the solar spectrum from 0.8 to 13.78 pw was obtained with 
the help of the instrument, It was not possible to go further because of low intensity of the observed solar spectrum 
and because of the inadequate sensitivity of IKS-11. 


The main part of the work to record the intensity of the solar disc along a diameter was done during the 
summer of 1955. To obtain such a recording, the image of the sun in the plane of the entrance slit of the spectro- 
graph was displaced relative to this slit by the diurnal motion of the sun. 


The diameter of the solar image was 14 cm. 


The dimensions of the entrance slit are: height (the side perpendicular to the diurnal motion of the sun) 
0.8 cm, the width of the slit for the spectral region 1.07-2.12 was taken to be equal to 0.07 cm or 0.01 of the 
radius of the solar image for the spectral region 1.07-2.12-3.94 q, the width of the slit was 0.14 cm (0.02 of the 
radius of the solar image), 


The observations were made when the sun was within 1° of the meridian, on either side. 


TABLE 1 


sin 6 


41.07 | 1.00 | 0.975 | 0.055 | 0.940} 0.910] 0.870 | 0.845 | 0.810 | 0.790 | 0.790 | 0.750: 
1.29 | 1.00 |0.98 |0.965/0.945| 0.920] 0.885 | 0.860 | 0.825 | 0.805 | 0.785 | 0.770. 
4.50 | 1.00 | 0.98 |0.970]0.950| 0.930} 0.900 | 0.875.| 0.835 | 0.815 | 0.795 | 0.780: 
1.56 | 1.00 | 0.985 | 0.975 | 0.960] 0.935] 0.910 | 0.885 | 0.830 | 0.850 | 0.810 | 0.795 
1.65 | 1.00 | 0.990 | 0.980 | 0.965} 0.940] 0.910 | 0.885 | 0.855 | 0.835 | 0.820 | 0.800 
1.74 | 1.00 | 0.985 | 0.975 | 0.960] 0.940] 0.910 | 0.890 | 0.870 | 0.850 | 0.835 | 0.825 
1.80 | 1.00 | 0.990] 0.980] 0.970] 0.950] 0.920 | 0.900 | 0.870 | 0.850 | 0.830 | 0.820 
1.90 | 1.00 | 0.985 | 0.975 | 0.960} 0.940] 0.915 | 0.890 | 0.865 | 0.845 | 0.820 | 0.800 
2.08 | 1.00 {0.990 | 0.980 }0.970] 0.955} 0.925 | 0.905 | 0.875 | 0.755 | 0.835 | 0.820 
2.12 | 1.00 | 0.990 | 0.980 }0.970] 0.955] 0.925 | 0.900 | 0.870 | 0.845 | 0.820 | 0.800 
2.18 | 1.00 | 0.990 | 0.980] 0.965] 0.945] 0.915 | 0.895 | 0.865 | 0.850 | 0.830 | 0.820 
2.26 | 1.00 | 0.990] 0.975 | 0.960] 0.945] 0.920: | 0.900 | 0.875 | g.860 | 0.840 | 0.830 
2.32 | 1.00 | 0.990} 0.980 | 0.970} 0.955} 0.930 | 0.910 | 0.880 | 0.865 | 0.850 | 0.840 
2.38 | 1.00 | 0.990} 0.980 | 0.965} 0.945} 0.920 | 0.900 | 0.870 | 0.875 | 0.845 | 0.835 
2.40 | 1.00 | 0.990 | 0.980}0.970} 0.950] 0.920 | 0.900 | 0.875 | 0.860 | 0.845 | 0.835 
3.46 | 1.00 | 0.990] 0.980] 0.979] 0.950] 0.925 | 0.905 | 0.880-} 0.870 | 0.855 | 0.845 
3.61 | 1.00 | 0.990} 0.980 | 0.965] 0.950} 0.925 | 0.910 | 0.890 | 0.880 | 0.870 | 0.865 
3.80 | 1.00 | 0.995 | 0.990] 0.985] 0.970] 0.945 | 0.930 | 0.910 | 0.895 | 0.880 | 0.875 
3.94 | 1.00 {0.995 |0.990| 0.980] 0.970| 0.950 | 0.935 | 0.915 | 0.900 | 0.890 | 0.885 


Remarks. 1. The first column gives the wavelength in microns. The first row 
gives the value of sin@. 2. The entries in the table give the ratio of the bright- 
ness of the solar disc at the given point to the brightness of the disc center for 
various wavelengths. 


4. A few remarks on the analysis of the spectrograms are given below. 


a) The scattering of light in the earth's atmosphere. The scattering of light changes the true ratio of the 
radiances atthe center and the limb of the sun. The magnitude of this effect decreases with increasing wavelength 


of the scattered radiation. 


A 
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Figs 1, 1) sin. @'= 0.4; 2) sin@ = 0.5; 3) sin@ = 0.6; 4) sin @ = 0.7; 
5) sin@ = 0.8; 6) sine = 0.9; 1) sin@ = 0.92; 8) sin@ = 0.94; 
9) sin@ = 0.95. 


According to Pierce [1, 4], the amount of scattered light for wavelengths greater than 1 yp is less than 0.5% 
of the central brightness of the disc. We have therefore compared directly the brightness of the center with that of 
the limb, without the introduction of any corrections for the scattered radiation. The agreement between our results 
with the data of Pierce [1, 4], Peyturaux [5], and Abbot[2, 3], at about 1 w (when the scattering should have the 


largest effect in the region investigated by us) is evidence in favor of our assumption. 
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b) The scintillation of the solar limb. To overcome this effect, we only used those days when the solar 
image was stable. In addition, we rejected the points situated in the region 0.95-1.00 of the radius of the disc, 


NVHQS HS 
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Fig. 2. 1) sin@ = 0.6; 2) sin@ = 0.7; 3) sino = 0.8; 4) sine = 0.9; 
5) sin@ = 0.92; 6) sin@ = 0.94; 7) sin@ = 0.95. 


c) The inertia of the detector and amplifier system. The analysis ofthe records showed that the maximum 
difference between the records obtained for the right and left sides of the solar disc (for the region 0 - 0.95 of the 
disc radius) is less than 1%. In the presence of such deviations, it is adequate to take a simple average of the re- 
cordings for the left and right halves of the disc. 


5. The results of the measurements are given in Table 1, A comparison of our results with those obtained 
by Peyturaux and Pierce shows good agreement in the region 1.0-1.5 mw. For greater wavelengths, there exists a 
systematic deviation. The values measured by us are smaller than those of Peyturaux and, particularly, than those 
of Pierce. The discrepancy reaches a value of 2% of the central brightness of the disc (in the wavelength region 


of 2.4-y wavelengths). 


TABLE 2 


sin 6 


870 | 0.850 | 0.835 | 0.825 


1.74 | 1.00 | 0.985 | 0.975 | 0.960} 0.940} 0.910 | 0.895 | 0. 

1.76 | 1.00 |0.985]0.975| 0.965] 0.945} 0.920 | 0.900 | 0.870 | 0.850 | 0.835 | 0.820 
1.775 | 1.00 | 0.985 | 0.975 | 0.965] 0.940] 0.910 ; 0.890 | 0.865 | 0.850 | 0.830 | 0.820: 
1.78 | 1.00 | 0.980} 0.965 |0.950} 0.925] 0.890 | 0.865 | 0.830 | 0.815 | 0.790 | 0.785 
1.785 | 1.00 | 0.990] 0.980] 0.965 | 0.940} 0.910 | 0.885 | 0.850 | 0.835 | 0.815 | 0.800 
1.79 | 1.00 |0.990|0.980]0.965} 0.945} 0.910 | 0.890 | 0.853 | 0.840 | 0.820 | 0.805 
1.80 | 1.00 |0.990}0.975/ 0.960] 0.940} 0.910 | 0.890 | 0.865 | 0.845 | 0.825 | 0.810 
2.32 |. 1.00 }0.990|6.980]0.970} 0.955} 0.925 | 0.905 | 0.880 | 0.865 | 0.850 | 0.840 
2.34 | 1.00 |0.990}0.980]0.970} 0.955] 0.925 | 0.900 | 0.870 | 0.855 | 0.835 | 0.820: 
2.35 | 1.00 [0.990] 0.980} 0.970} 0.950] 0.920 | 0.900 | 0.865 | 0.845 | 0.820 |.0.800 
2.36 | 1.00 |0.990]0.980| 0.970] 0.945] 0.915 | 0.890 | 0.850 | 0.835 | 0.805 | 0.780 
2.37 | 1.00 |0.990]0.980| 0.970} 0.950} 0.920 | 0.895 | 0.865 | 0.855 | 0.835 | 0.825 
2.38 | 1.00 |0.985]0.975]0.970} 0.950] 0.920 | 0.900 | 0.870 | 0.860 | 0.840 | 0.830 
2.40 | 1.00 | 0.985 | 0.980] 0.965] 0.950} 0.920 | 0.900 | 0.880 | 0.865 | 0.845 | 0.835 


Remarks. 1, The first column gives the wavelength in microns. The first row gives 
the value of sin@. 2. The entries in the table give the value of I, (0)/1 (0), the 
ratio of the brightness of the solar disc at the given point to the central brightness 
of the disc, as a function of the wavelength. 
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The ratio I, (@)/ I, (0) as a function of the wavelength ) is given in Fig. 1. 
At about 1,6 pt there is a clearly marked "*hump” which has been mentioned in Pierce's paper. 


We have observed a marked increase in the limb darkening at wavelengths of 1.78 jt and2.36 iL, by com- 


parison with the neighboring regions of the spectrum. The observational results for these regions are given in 
Table 2, The width of these regions is of the order of 0,05 pt. 


For the point ) = 1.78 H and sin @ = 0.95, the ratio of the brightness to the central brightness of the disc is 
is 0.77 instead of 0.83 which is to be expected from the general appearance of the curve of 1) (6 )/1 (0). 


For the point) = 2.36 u, sing = 0.95 we have 0.78 and 0,835, respectively (Fig. 2). 


P. K. Shternberg Received February 16, 1957 
State Astronomical Institute 
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APPLICATION OF SILVER SULFIDE PHOTOELECTRIC CELLS WITH A 
BARRIER LAYER TO ABSOLUTE SPEC TROPHOTOMETRY AND PYROMETRY 


Il. METHOD OF USING SSBL FOR ABSOLUTE SPECTROPHOTOMETRIC AND 


PYROMETRIC MEASUREMENTS 


G. F. Sitnik 


The results of the investigation of silver sulfide barrier layer cells (SSBL*) are 
given. These were used to develop a method of application of the cells to absolute 
spectrophotometric and pyrometric measurements. This method is based on the control 
of the integrated sensitivity of the SSBL by means of constant luminous flux from a 
low-voltage incandescent lamp. 


The method of controlling sensitivity and the measuring scheme described in 
Part I permitted the SSBL to be used for absolute measurements, which make high demands 
on the radiation receiver, The mean error of a single measurement of the small luminous 
fluxes with which one dealsinspectrophotometry is on the average 0.5-0,8%, despite the 
inevitable variation in the sensitivity of SSBL during a long series of absolute measure - 
ments. 


In absolute measurements special requirements are made with regard to the sensitivity stability of the measur- 
ing apparatus during the long series of observations which are characteristic of such measurements, Therefore for 
the successful use of a silversulfide barrier layer cell (SSBL) in absolute measurements it was necessary to conduct 
a careful investigation of the photoelectric cell in this respect. This investigation enabled us to develop and test 
a method of controlling the sensitivity of SSBL during absolute measurements, The method and measuring setup 
described in the first part of this communication [1] enabled us to use SSBL successfully in absolute measurements. 

It was first necessary to investigate the time change of sensitivity since the literature[2] contains indications that 
there exists some change of sensitivity (of the order of a few per cent) during the first 20 minutes after the beginning 
of illumination, followed by stabilization of the sensitivity. It is stated in Ref. [2] that this effect is especially 
noticeable in freshly manufactured SSBL but that the operation of the cells is stabilized with aging. 


We investigated the time change of sensitivity of SSBL as follows. A standard 1000-ohm resistance coil is 
connected in series with the cell, The voltage drop across this coil or the equal drop in the cell itself is measured 
by means of a potentiometer, The potentiometer was balanced exactly by changing the direction of current through 
a galvanometer[1]. The illuminating lamp was controlled by a potentiometer [3]. When the cell was illuminated 
the voltage drop across the resistance was measured at small intervals of time during a period of 3 hours, after which 
the cell was stored in darkness. The cell was placed in a small metal box within which the temperature was con- 
trolled. 


Each cell was measured under different conditions. 


1. Before the test, the cell, which had previously been stored in darkness was exposed for 1 hour to ordinary 
daylight from a window. 


2. Before the next run,the same cell was illuminated by scattered daylight (from a window) for a longer 
period (about 2 days). 


*Russian designation — FESS. 
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In addition, each cell that was investigated was, after 2 days of continuous illumination, studied by the 
method shown in the figure of Reference [1]. The method of measurement is described in Reference [1]. These 
measurements enabled us to study the effect on the sensitivity ofan SSBL produced by a small external emf com- 
parable with the photo-emf. Each cell in the balanced setup was investigated under different conditions, 


1. The external emf acted continuously on the SSBL during all 3 hours of observation. 


2. The external emf was switched off after each measurement. In other words, the switch $ was used to 
open the circuit at each dark period (see the figure in Ref.[1)). 


This method was used to study 8 cells, the data for which are given in Table 1 below and in Table 1 of Ref.[{1]. 
Table 2 and Figs. 1 and 2 give the results for cells Nos. 550, 337, and 555. : 


TABLE 1 


Ratings of Silver Sulfide Barrier Layer Cells 


Integrated 
sensitivity 
pa /lumen 


Photo-emf 
at 25 luxes, 


Designation No. of cell Months of manu- 


facture during 
1949 


FESS -U2 
FESS -U2 
FESS -U3 
FESS -U3 
FESS -U10 
FESS -U10 


In Figs. 1 and 2 the ordinate is the voltage drop across the load resistance or the resistance Ry which is pro- 
portional to the photocurrents; the abscissa is computed from the beginning of measurements, An analysis of the 
results for the 8 cells enables us to draw some conclusions which are significant for the application of SSBL to ab- 
solute measurements. 


1. Preillumination for 1 hour is not always 
sufficient, since after this period the sensitivity of the 
cell can change appreciably during the measurements. 
This refers especially to recently manufactured cells. 
The sensitivity of cell No. 550,when investigated in 
1950,increased during the first 2.5 hours by a factor 
of about 1.5 (Fig. 1), although the temperature change 
(0.9° C) during this time should have reduced the sensi- 
tivity by only about 2%. Tests during 1956 showed 
that cell No. 550 was well stabilized. In 1950 cell 
No. 560 was unstable. During 2.5 hours of measure - 
ments its sensitivity changed by a factor of 4. In 1956 
this same cell was found to be stabilized. 


Photocurrent 


No. 337 (Fig. 2) was the most stable cell. On 
September 11, 1950 (Fig. 2, line 1),this cell showed 
only a small change of sensitivity with time (within 
1%), which can be attributed to a change of temperature 
as well as to errors of measurements. This cell gave a 
a similar result in the balanced setup (Fig. 2, line 2). 


Fig. 1. Variation of sensitivity of SSBL cell 
No. 550 with time. 1) August 14, 1950 (after 
1 hour of preillumination; 2) August 21, 1950 


(external emf switched off after each measure - For the other cells the changes of sensitivity 
ment); 3) August 19, 1950 (continuous external during the first 3 hours of measurements were also small 
emf); 4) August 17, 1950 (after 2 days of (about 1-2%). During this time the temperature change 
illumination). inside the metal box which held each cell did not ex- 


ceed0.4°C. However, for cells Nos. 628, 1102 and 1104, 
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the character. of the sensitivity change does not agree with the temperature change close to the cell (observations 
of 1950). From the data we infer that the operation of anSSBL is stabilized by aging. The aging period required for 
sensitivity stabilization varied with the cell, The average is about 2 years. After the required aging period a 
preilluminated cell when tested shows a change of sensitivity which results from the change of temperature of the 
cell. 


2. After prolonged preillumination the 
operation of all of the tested cells was well stabilizec 
both with and without an external emf (Figs. 1 and 
2). Certain peculiarities of the SSBL must be 
mentioned. Cell No. 548 showed good stability 
when investigated in 1950 (August 25, 1950). A 


S 
S 
S 
% 


Re different result was given by the same cell in 1951. 
eg On February 27, 1951, after weak illumination for 
a 1 day the sensitivity showed a tendency to increase 
up to 10%, Cell No. 555 showed similar behavior 
Timea on April 25, 1951, May 11, 1951,and September 4, 
' 1956 (Table 2). Thus, on April 25th, after 3 days 
Fig. 2. Variation of sensitivity of SSBL cell No. illumination by scattered light this cell showed a 
337 with time. 1) September 11, 1950 (without reduction of sensitivity which clearly exceeded the 
external emf); 2) September 12, 1950 (continuous temperature -induced change. The same result was 
external emf). found on May 11th, before which the cell had been 


shielded for 3 days. On September 4, 1956 ,the 
sensitivity change of this cell also exceeded the temperature-induced change. The temperature-induced change 
of sensitivity of No. 555 does not exceed 2.5% for a temperature change of 1°C. Thus, there is evidently some 
uncertainty in the behavior of the sensitivity (especially of a freshly manufactured cell) which is associated with 
the conditions of its previous storage as well as with a temperature difference between the cell and surrounding air 
due to the thermal inertia of the cell. This characteristic of SSBL had to be taken into account in developing a 
method of absolute measurements, For relative measurements over small intervals of time this effect is not signi- 
ficant, 


3. For the use of anSSBL in absolute measurements it must first be exposed to not very bright scattered light. 
In other words, between measurements the cell must be kept under weak illumination and be exposed to brighter 
light before operation. This method was fully tested using cells Nos, 837 and 555, The sensitivity is then shown 
to be quite stable (Figs. 1 and 2). Also, the method of controlling the sensitivity must make it possible to take into 
account the effect of sensitivity change on the measurements, It follows from what has been said above that the 
integrated sensitivity must be controlled rather than the temperature, as is usually done. We shall discuss further 
the method of controlling the integrated sensitivity of SSBL. 


We shall first discuss the influence of temperature on SSBL working under a balanced and ordinary scheme 
of loading. Since in our work we did not use a method of controlling the temperature to take into account the 
sensitivity variation during measurements, we did not carry out a detailed investigation of the influence of tempera- 
ture on cell sensitivity. We investigated the temperature dependence of the sensitivity for 2 of our cells (Ref.[1],. 
Table 1) over a limited temperature range (15-45°C), 


The tested cell was placed inside a reservoir with double walls and external thermal insulation. The space . 
between the walls of the reservoir was filled with water, which was heated to change the air temperature in the 
interior of the reservoir, where the cell was placed. For more uniform temperature distribution of the air inside 
the reservoir a special device was used to keep the air in circulation. A thermometer was used to measure the 
temperature close to the cell, When the inside temperature reached 43-45°C heating was terminated and measure - 
ments were made during the period of gradual cooling which followed. Light from an electric lamp controlled by 
a high-resistance potentiometer [3] illuminated the cell through a glass window in the reservoir wall. The condi- 
tions of illumination were not changed during an entire run. Measurements of the cell performance were obtained 
under 2 setups; 1) A 1000-ohm load resistance was placed in series with the SSBL; the voltage drop across this 
load was measured by a low-resistance potentiometer; 2) the cell was connected according to the figure of Ref, 
[1]. The results are given in Fig. 3, The horizontal axis of Fig. 3 gives the cell temperature, while the vertical 
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axis gives the voltage drop across the load resistance or the resistance Rop (Ref.{1) proportional to the photo- 
current, The unit of the ordinate scale is the value at 20°C. Curves I and II of Fig. 3 refer to cells Nos. 337 and 
555 in conjunction with the 1000-ohm load. Curve III refers to cell No, 337 in the balanced setup. 


TABLE 2 


Performance of Silver Sulfide Barrier Layer Cell FESS-U2 No. 555 


April 25, 1951. After illumination of cell || May 11, 1951. Cell covered prior to 


for 3 days measurements 
Time from] Voltage drop Tempera- |/ Time from | Voltage drop Tempera~ 
beginning | across load re- | ture near beginning | across load re- | ture near 
of measure} sistance of cell. °C of Mmeasule + sistance of 7 3 
ment 1000 ohms : ment -1000 ohms cell; “G 


0"00m 0.061295 000 0.001842 13.7 
07 0.061170 05 0.001807 
21 0.060770 13.0 08 0.001795 
2™17m 0.059010 17 0.001788 
20 0.058950 22 0.001782 
22 0.058934 32 0.001770 
23 0.058860 56 0.001756 13.7 
25 0.058790 4h43 0.001726 13.7 
4 atte Sia Sel onl 
5 : 13.8 
36 0.058585 D9 0.001749 13.8 
43 0.058466 2'05 0.004745 13.8 
48 0.058384 16 0.001744 13.8 
057930 
3504 0.057900 
03 0.058160 September 4, 1956, Before measurements the 
a Weneeee cell was connected to the apparatus and illuminated 
4hO1 nee scattered light in the room 
me oeene ohoom 0.006794 16.2 
; 25 0.006685 16.4 
my 0.057710 ; 
a Breteas 30 0.006665 16.4 
re MOCen: 11409 0.006651 16.4 
-057: 45 0.006580 16.5 
42 0.057490 h 
- le 2503 0.006556 16.5 
a eee 20 0.006574 16.5 
45 0.006513 16.4 
26 0.057095 325 0.006546 16.5 
44 0.056930 : ; 
56 0.056880 
607 0.056830 
43 0.056780 
16 0.056761 
22 0.056724 
42 0.056583 
57 0.056490 13.5 


It follows from Fig. 3 that No. 337 in the usual measuring setup reveals a change of sensitivity by 2.5% with 
a temperature change of 1°C. For No. 555 the corresponding sensitivity change is 2-2.5%, The cell behavior in 
the balanced setup is different from this. Fig. 3 shows that the temperature dependence of the sensitivity in this 
case is considerably weaker. In one temperature region there is no appreciable variation of sensitivity. This is 
another advantage of the setup described in Ref.[1], which is very important for the practical us of SSBL in absolute 
photoelectric measurements. 

It is known that temperature affects the photocurrent of SSBL principally through resistance changes ee 
blocking layer. This resistance is an internal variable path of leakage. Complete elimination of the potential 
difference across the resistance of the blocking layer would have the result that the external current (photocurrent) 
would cease to depend on the variable magnitude of this resistance. However, in the balanced scheme (see the 
figure in Ref {1])the voltage drop is reduced to zero only across the Ss photocell, Therefore the effect of the 
blocking layer resistance on the external current is reduced but not eliminated, Asa i the Reape ratte de- 
pendence of the cell sensitivity is reduced but does not disappear completely, Observations confirm this (Fig. 3). 
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With incomplete balancing of the voltage drop across the resistance of the blocking layer the direct proportionality 
between the luminous flux and the photocurrent under strong illumination is destroyed. The effect of temperature 
on the sensitivity of blocking layer cells in practice is usually taken into account through temperature control and 
the introduction of suitable corrections. This procedure has been found to be entirely satisfactory for selenium cells, 


Scale for Curve II 


40 35 OD Bb 


Fig. 3. Sensitivity of SSBL as a function 


of temperature. 


TABLE 3 


Observations of Reproducibility for Different 
Settings of the Control Lamp, November 23, 


1951. 
Observa- Photocell Photocell 
tion time Yield temperature, 
°C 

12241m 0.039666 16°.4 
45 0.039690 
49 0.039631 
53 0.039620 
58 0.039595 

13°04 0.039648 
08 0.039671 
12 0.039601 . 
15 0.039584 
18 0.039656 
22 0.039632 16°.4 


Average 0.039636 


Average error of one setting + 0.000034 
(+ 0.09%). 


However, our experiment has shown that this method of control is not satisfactory for SSBL. Because of a certain 
change of sensitivity during measurements, which depends on the thermal inertia of SSBL and on the degree of 
aging of the cell, temperature control alone does not insure correct results in absolute measurements, It is more 
satisfactory to control directly the integrated sensitivity of the SSBL. This method enables us to take into account 
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Fig. 4. Special head containing 


control lamp. 


‘To potentiometer 


simultaneously all factors which affect the sensitivity. 
Moreover, the control of the integrated sensitivity excludes 
possible errors of the temperature corrections. These errors 
result from a difference between the temperature of the 
cell and of the surrounding air. Due to the thermal in- 
ertia of the material of the cell this temperature difference 
always exists. This is the cause, in addition to errors of 
measurement, of the systematic difference of 1-2% which 
we observed between the measurements before heating 

of the reservoir containing the cell and after cooling, when 
the air surrounding the cell assumes room temperature. 


Beginning in November, 1951 we controlled the 
integrated sensitivity of SSBL by means of a low-voltage 
larap. The luminous emission of the lamp was controlled 
by a potentiometer [3]. The lamp was considerably under- 
heated in order to insure stability. The light from the 
lamp was further weakened by blackened paper. The 
control lamp e was placed inside a metal tube which could 
be moved inside another tube that was fastened to a special 
head (Fig. 4), The entire device was placed directly in 


front of the photocell Ph back of the exit slit of the mono- 
chromator, 


TABLE 4 


Control of Sensitivity Variation in FESS No. 837, February 7, 1952 


Test source 


Yield of photocell 


Time of 
fer control lamp Yield of cell 


observation 


Yield reduced to 
identical sensitivity 


4041" 0.009388 
17 0.000423 0.000447 
20 0.000418 0.000412 
24 0.000425 0.000419 
30 0.000427 0.000424 
36 0.000425 0.000420 

41 34 0.009329 
94 0.000425 0.000423 
58 0.000419 0.000417 
12 00 0.000420 0.000418 
05 0.000420 (0.000418 
09 : 0.000419 0.000417 

24 0.009253 
36 0.000417 0.000417 
45 0.000415 0.000415 
48 0.000419 0.000419 
54 0.000419 0.000419 
54 0.000418 0.000418 

13 00 0.009228 
04 0.000417 0.000418 
06 0.000417 0.000418 
08 0.000419 0.000420 
10 0.000420 0.000421 
13 0.000419 0.000420 

20 0.009234 

15 O41 0.009216 
05 0.000421 0.000423 
08 0.000417 0.000419 
44 0.000419 0.000424 
44 0.000419 0.000424 
Tho 0.000424 0.000424 

27 0.009191 
30 0.000419 0.000424 
32 0.000419 0.000424 
38 0.000419 0.000424 
16 00 0.000419 0.000424 

06 0.009230 

47 06 0.009245 
10 0.000419 0.000421 
18 0.000419 0.000421 
Ww 0.000419 0.000421 
48 00 0.000419 0.000421 
05 0.000419 0.000424 
12 0.000419 0.000424 

25 0 009197 

0.009195 
2 o 0.000419 0.000424 
35 0.000418 0.000424 
0.000418 0.000424 

_ yt 0.009199 
Average 0.000420 


Average error of a single measurement + 0.0000023 (4 0.5%). 
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TABLE 5 
Control of Sensitivity Variation of FESS No, 555 


Test source 
Yield of photo- 


Relative 
Date and cell for control] Yield of Yield reduced to 
time of lamp photocell identical sensi- sensitivity 
observation tivity of cell 


146.111.1955 
42h40™ 0.000822 0.000822 4.000 
54 0.007620 1.000 
44h28 0.007700 1.010 
36 0.000831 0.000823 1.010 
45h40 0.000835 0.000827 4.010 
45 0.007693 1.040 
4655 0.007646 1.003 
59 0.000831 0.000829 4.003 
47b55 0.000825 0.000818 4.008 
58 0.007684 1.008 
47.111.1955 
gh53™ 0.000826 0.000814 1.004 
58 0.007729 1.014 
40b57 0.007696 1.010 
41b02 0.000828 0.000820 4.010 
53 0.000828 0.000818 4.012 
56 0.007710 4.012 | 
44h19 0.007724 1.013 
23 0.000826 0.000815 4.013 
45h02 0.000826 0.00084 2 4.017 
06 0.007750 4.017 
08 0.007746 4.017 
16h44 0.007756 1.018 
45 0.000834 0.000816 1.018 
47b36 0.000838 0.000821 4.020 
42 0.007776 4.020 
418.111.1955 
40h37™ 0.000869 0.000820 1.057 
45 0.008058 | 4.057 
44b43 0.008047 4.056 
15 0.000866 0.000818 4.055 
42h16 0.000866 0.000829 4.044 
30 0.007933 1.044 
44h08 0.007864 4.032 
15 0.000857 0.000829 4.032 
45h41 0.000855 0.000833 4.025 
45 0.007812 4.025 
46h32 0.007812 4.025 
4A 0.000853 0.000832 4.025 
19.11.4955 
40h1i9™ 0.000821 0.000815 4.007 
24. 0.007677 ; 4.007 


Average 0.000822 
Average error of a single measurement + 0.0000064. (+ 0.78%). 


A total reflection prism P measuring 1 X 1cm_ was rigidly fastened to the other end of the movable tube. During 
operation the lamp was 250 mm from the cell. This distance minimizes the possible errors in measurement of the 
luminous flux reaching the cell. Such errors result from a variation in the mounting of the tube. In our design the - 
tube had an exactly fixed position with respect to the cell, A test of the control device showed that the performace 
of the cell during successive periods of illumination by the lamp agrees within 0.1% (Table 3), 


The accurate mounting of the control lamp insures the control of sensitivity changes of the SSBL. 
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The accuracy of the control of the integrated sensitivity of the SSBL was investigated as follows. The cell 
together with the head for the control lamp was placed on a photometer bench. A light filter was placed in front 
of the cell. As a measurable light source another lamp (such as an illumination-measuring lamp) was placed at 
a fixed distance from the SSBL. The electrical operation of this lamp was controlled by a potentiometer, The 
Risiance of the measuring lamp from the cell and the filter were such that the yield of the cell was small, 
This was done in order to determine the accuracy of control and measurement under the most unfavorable conditions. 
Other than this ,the conditions were similar to those under which absolute spectral photometric measurements were 
made. The cell was placed in a setup (see the figure inRef.[1]) where at several intervals of time the luminous 
flux from the control and test lamps was measured. The time of each measurement was noted and observations 
were continued during one or more days. During the observations which extended over a single day the lamps were 
not extinguished. Each day 30 minutes before the measurement began the control lamp was lit so that its emission 


would become stationary. The comparison lamp was also lit in advance; the warming-up time depended on the 
properties of the lamp which was used. 


Relative sensitivity 


Photocell yield 


Time, hr 


Fig. 5. Correction for sensitivity variation of radiation receiver, 


The results for SSBL Nos. 337 and 555 are given inTables4 and 5, The first column gives the date and time 
of measurement; the second and third columns give the yield of the cell when illuminated by the control lamp 
and the test source, respectively. The data for the control lamp in Table 4 permit us to infer that during the 
entire period of observation the sensitivity of the cell changed by approximately 2%, In order to take this change 
into account and to reduce all observations of the test source to a single sensitivity we plotted the time dependence 
of the measurements of the control lamp (Fig. 5). This is the upper curve of Fig. 5, where the crosses denote individual 
measurements of the control lamp. The horizontal axis gives the time of observation and the vertical axis gives the 
yield of the cell for relative sensitivity. 


In order to allow for the sensitivity variation of SSBL we used a certain value of the cell yield when illumi- 
nated by the control lamp as unity. For observations with SSBL No. 337 on February 7, 1952,this value was 0.009250 
and for SSBL No. 555 it was 0.007620. Then from the curve of sensitivity variation, for each observation time,we 
can obtain the relative sensitivity (column 5, Table 5). 


Dividing the yield of the cell for the test source by the corresponding value of the relative sensitivity, we 
obtain the yield of the cell reduced to identical sensitivity (column 4, Table 4 and 5), From this column (Table 4) 
the lower part of Fig. 5 was plotted. Tables 4 and 5 show that the average error of a single measure ment for small 
light flux is 0.5-0.8%. Large light flux is measured with an accuracy of 0.3-0.5%, With the integrated sensitivity 
of SSBL controlled in this way, we can obtain satisfactory reproducibility of the readings despite the sensitivity 
variation of the cell during long runs. 


The sensitivity of SSBL was controlled by an incandescent lamp at different temperatures of the surrounding 
air. Change of the outside temperature can affect the constancy of light emission by the lamp, Reference [4]gives 
data on the influence of temperature on emission from an incandescent lamp. These data show that for a vacuum 
lamp beginning with luminous temperatures of the order of 1000°C the change of air temperature around the lamp 
has no appreciable effect on emission by the lamp. However, we regarded it as necessary to perform a direct in- 
vestigation of the affect of the outside temperature on emission by the control lamp although the temperature of 
the filament exceeded 1000°C. The results of this investigation are given in Table 6, The light flux from the 
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control lamp at outside temperatures of 3, 18.3 and 35°C was measured by anSSBL (Table 6, column 4), 18.3° 
was the room temperature. To control the sensitivity variation of the cell we used emission from a ribbon lamp 
(LT~-1) at above 1800° for a wavelength of 10,000 A (column 3). The measurements of the light flux of the 
control lamp, reduced to identical sensitivity according to column 3, are contained in column 5 of Table 6. No 
evidence is found that light emission varies with the outside temperature. Random fluctuations must be attributed 
to errors of measurement. The average relative error of a single measurement is + 0.48%. 


TABLE 6 


Investigation of the Effect of Outside Temperature on Emission From the Control Lamp 
(April 11, 1955). 


Yield of Control lamp 
Time of | Tempera- photocell for ( : Relative 
; Yield of cell | Yield of cell* 
observation) ture near | LI-1 at for control reduced to sensitivity: 
control X= 10000A . lamp identical 
lamp,°C sensitivity 

14540™ 0.009475 0.988 
42 0.009466 0.987 

14 +3 0007924 0.008012 0.989 

17 0007963 0.008035 0.991 

2S 0.009563 0.997 

DAS: 0.009572 0.998 

30 +3 0007914 0.007930 0.998 

32 +3 0008000 0.008008 0.999 

35 +3 0008015 0.008015 4.000 

38 0.009590 1.000 

40 +3 0008015 0.008007 4.004 

43 0.009608 4.002 
16545 418.3 0.009432 0.984 
48 0.009412 0.981 

54 +18.3 0007878 0.008055. 0.978 
17505 +18.3 0007832 0.008049 0.973 
08 +18.3 0007820 0.008070 0.969 

14 0.009256 0.965 

20 0.009232 | 0.963 

24 +18.3 0007765 0.008072 0/962 

29 0.009213 0.961 

34 +18.3 0007770 0.008085 0.964 

41 0.009226 0.962 

47 0.008954 0.934 

54 0.008735 0.914 
18":0 +35 0007158 0.008016 0.893 
22 0007130 0.007993 0.892 

25 +32.5 0007122 0.008002 0.890 

3f 0.008522 0.889 

32 +31.5 0007112 0.008000 0.889 

39 0.008520 0.888 

Average 0.008023 


Average error of a single measurement + 0.0000392 (+ 0.48%). 


Thus, within the limits of experimental error (0.5-0.8%) light emission from a lamp does not vary with 
changes of the outside temperature; this is in agreement with the result given in Ref.[4]. 


In pyrometric and absolute spectrophotometeric measurements with SSBL, in accordance with this article, we 
periodically (every 20-30 minutes) measured the cell yield under illumination by the control lamp. As a result,all 
measurements of the spectrum from the investigated source (a perfect black body, ribbon lamp or the sun) could 
be reduced to identical sensitivity of the radiation receiver. This method of controlling the sensitivity variation 
of SSBL, which we have already used for a number of years, has given good results. Our method of controlling the 
sensitivity and the use of the measuring setup described in Ref.[{1]have enabled us to use silver sulfide cells in 
absolute measurements, which require a receiver that can satisfy special requirements. 
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In conclusion I wish to thank D. L. Razumin-Astavin, E. A. Makarova, M. S. Murasheva and R. N. Khmeleva 
for their assistance with the numerous measurements, 


P. K. Shternberg State Astronomical Received November 12, 1956 
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A NEW VALUE OF THE LIGHT CONSTANT OF THE MOON 


N. N. Sytinskaia 


The light constant of the moon is defined as the illumination Ep, 
by the light of the moon, of a plane at right angles to its rays at the phase 
angle 0° and the mean parallax of the sun and moon. The measurements 
of the light of the moon made in the USSR with visual photometers during 
1932-1955 were used. Some of the results were recalculated, Bouguer's 
method was used for extrapolating to the edge of the earth's atmosphere, 
and Rougier's curve for extrapolating to phase 0°, The derived mean 
value was Ey = 0.342 + 0.011 lux. This value, according to the method of 
its determination, is reduced to the day spectral sensitivity curve of the eye. 


The light constant of the moon expressed in absolute photometric units (luxes or phots) is the illumination 
Eo, by the light of the moon, of a plane at right angles to its rays, at phase angle 0°, the distance between the 
center of the moon and the plane being equal to the major semiaxis of the lunar orbit. As-we know, the latter 
corresponds to the horizontal equatorial parallax p = 57'.0. Eg is understood to correspond to the mean solar 
parallax 8".80. 


The light constant of the moon is of considerable interest for astrophotometry in general in connection with 
the study of the moon as a luminous heavenly body, and especially for some problems of illumination, since at 
night light from the moon is important in making objects of the landscape visible. Therefore a sufficiently reliable 
value of Ep is necessary for the solution of very many theoretical and practical problems. 


The determination of the moon's light constant has a long history. The founders of scientific photometry, 
Lambert and Bouguer, first concerned themselves with it. Later many other observers compared lunar light with 
the light of a normal candle. At present all of these determinations are principally of historical interest both 
because the technique of measurements and reductions was then comparatively primitive and because the modern 
system of light units did not yet exist. 


Modern photometry was used to determine the light constant of the moon by Soviet scientists beginning in 
the fourth decade of the present century, In 1932 V. V. Sharonov measured the lunar light with a special luxmeter 
developed for this purpose by the VOOMP (All-Union Optical Equipment Industry Association) [1]; in 1936 L. N. 
Radlova performed measurements [2]. Some measurements of this type were performed in Alma-Ata by members 
of the team observing the solar eclipse of September 21, 1941,while working on the standardization of coronal ob= 
servations [3]. The same was done by O. S. Vasil'ianovskaia while working up the data on the solar eclipse of 
July 9, 1945 [4]. A. K. Suslov made a special series of observations of lunar light by means of a visual photometer 
in 1950 at Stalinabad and in 1951 at Alma~Ata[5]. In connection with work on the standardization of the solar 
corona, observations which provide a new value of Ey were performed in 1952 by T. A. Polozhentseva [6] and in 
1954 by L. D. Petrenko and V. A. Ivanova[7]. In 1955 the same was done by M. V. Kodachenko and G. A. Iurov 
in connection with observations of a lunar eclipse [8]. 


On the other hand a few summaries of values have been published. Russell [9] in his well-known work on 
the photometric parameters of the planets and their satellites gives the value 0.241 lux for illumination by the 
moon at the zenith. If we take the value p= 0.766 for the transmission coefficient which is given at that place 
(zenithal absorption 0129),we obtain Ey = 0.314 lux. If we take 095 for the zenithal absorption (as was done 
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by a [10]) we obtain Ey = 0.283 lux. Sharonov [11] in compiling table of lunar illumination for purposes of 
illumination engineering took the value 0.250 lux for the illumination from the moon at the zenith. 


In connection with tables of natural illumination [12] as well as in a review article on the photometry of 
bodies in the solar system [13] Sharanov gives Ey = 0.291 lux, which corresponds to the zenithal value given above 
if we take the attenuation at the zenith as 0M20, A practical check of Sharonoy's tables by P. P. Feofilov [14] 
showed satisfactory agreement with reality. However, later measurements by A. K. Suslov [5] gave Ey = 0.374 lux 
and Bullrich's observations [10] gave Ey = 0.37 lux. In a later publication [15] Sharonoy gives the mean value 
E9 = 0.306 lux. From this we infer that the value of Ey upon which the tables of lunar illumination are based is 
somewhat too low and the entire question must be reviewed. 


In practice the determination of the light constant of the moon encounters a number of difficulties of which 
the most important are: 1) the necessity for extrapolating measurements of direct lunar illumination beyond the 
limits of the earth's atmosphere; 2) the necessity for extrapolating to phase 0°, because direct measurements at 


this phase are rendered impossible since the moon is in the earth's shadow; and 3) the still unsettled question of 
the photometric system to be used. 


The following remarks must be made with regard to the last point. As we know, the system of visual light 
units including the lux,assumes a spectral sensitivity of the radiation receiver which agrees exactly with the spectral 
sensitivity of the eye that has been adopted by international agreement for normal vision adapted to bright light. 

In the photometry of lunar light strict observance of this rule is very important since the illumination standards have 

a color temperature which is much lower than lunar light, so that we are concerned with heterochromatic photometry. 
However, in measuring lunar illumination we must deal with screen brightness which approaches the brightness of 

a moonlit landscape. Night vision functions at this level of brightness so that the Purkinje effect is involved in 
comparison of differently colored objects. This requires special agreement with regard to the significance of the 
lunar light constant. It is most reasonable to agree that the results should correspond to pure daylight vision, thus 
eliminating the Purkinje effect as much as possible. 


This was the condition for all measurements performed in the USSR. In practice the comparison lamp of the 
visual photometer used in measuring lunar light was always preceded by a blue filter which would result in giving 
the two compared fields the same color. A similar filter was placed before the standard lamp during calibration 
of the photometer to provide the same coloration of the fields. Finally, the transmission of the blue filter for the 
standard lamp was obtained by a spectral computation using the standard visibility curve. This procedure theoretically 
eliminated the Purkinje effect, and the result referred to the standard curve of spectral sensitivity of the eye. 


It is the purpose of the present article to review critically the different values of the lunar light constant 
which have been published by different authors ,in order to arrive at the most probable value. In some instances 
this required complete reworking of the observations. Thus, inRef.[1] Sharonovy gave measurements at the edge of 
the atmosphere with the mean Potsdam value of atmospheric transmission; the result cannot, of course, be reliable. 
In many instances the observations of this author, which were performed at different zenith distances of the moon 
each night, provide a reliable value for atmospheric transmission for a given night by Bouguer’s method. Whenever 
this was impossible the reduction was performed with the mean value of this coefficient for the given point of ob- 
servation as derived from the entire series of lunar observations at the point. In those articles where the lunar light 
constant was obtained as an incidental result of photometry of the solar corona or lunar eclipses, the observers them- 
selves made every effort to eliminate atmospheric effects from the measurements. The same refers to Suslov's 


measurements [5]. 


Different authors use different phase curves for the reduction to phase 0°. For the purpose of attaining con- 
sistency we recomputed all values using the Rougier curve [16]. There is little change in the final results because 
most observations were performed around full moon. We did not review the question of the photometric system 
determined, as was indicated above, by the light intensity from the standard lamps used in photometer calibration 
and by the transparency of the blue filters, because each observer used the light system which he himself obtained. 
We did not use the data of Bullrich [10] since the Purkinje effect was not excluded at all. 


The final 36 values of Ey are given in the table. If all of these values are given equal weight the average is 
Ey = 0.342 0.011 lux. This must be regarded at present as the most probable value. It is 1.18 times larger than 
Ey = 0.291 lux, which was used in compiling the tables of lunar illumination mentioned above [11, 12]. 
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We can see that the data in the table show considerable discrepancies, which in extreme cases.amount to 
a factor of almost 2; this is also shown in the large root-mean-square deviation, which for a single value amounts 
to + 0.062 lux or + 18%, Such large discrepancies must be due primarily to the inaccuracy of the extrapolation 
to the boundary of the earth's atmosphere. This can be seen from the fact that the discrepancies are large in a 


TABLE 
No. Date Observer | Place | Eo Refe rence 
i 
14 | 1932 Apr. 12 V. V. Sharonov Nikol'sk 0.294 [1} 
2, » ls! » » 0.318 » 
3 » oe 9 til » » 0.345 » 
4 » » 16 » » 0.390 » 
S » Dp eld » » 0.454 » 
6 » ye Al » » 0.438 » 
7 » May 10 » » 0.438 » 
8 » yy » » 0.358 » 
9 » i le » » 0.349 » 
10 » Sy alte} » » 0.356 » 
14 » Sept, 14 » Leningrad 0.338 » 
12 » ys dS » » 0.341 » 
13 » » 16 » » 0.298 » 
14 » her ven ttl2/ » » 0.296 » 
15 y» Nov. 41 » » 0.305 » 
16 » ye sy OF352 » 
7, 1936 May 6 L. N. Radlova » 0.232 [2] 
18 | 1944 Sept. 10 I. A. Fogel’ Alma Ata 0,282 [3} 
19 » Sedat » » 0.302 » 
20 » p30), » » 0.256 » 
24 »y Oxo, 1 » » 0.270 » 
22 | 1945 Mar. 16 O.P.Vasil'ianovskaia Leningrad 0.267 (4) 
ao » » AT » » Ossi » 
24 | 1950 July 22 A. K. Suslov Stalinabad 0.436 [5} 
25 » » 23 » » 0.357 » 
26 » » 27 » » 0.418 » 
27 » » 28 » » 0.363 » 
28 » » 28 » » 0.424 » 
29 » yey W298 » » 0.361 » 
30 » » 29 » » 0.286 » 
34 Aug. 3 » » 0.404 » 
32- | 1951Aug. 17 » Alma Ata 0.415 » 
oo 4952 Feb. 11 T.A. Polozhentseva Pitniak 0.396 [6} 
34 | 1954 July 12 V. A. Ivanova and | Eisk 0.333 [7} 
L. D. Petrenko 
35 | 1955 Noy. 29 M. V. Kodachenko | Leningrad O.237 {8} 
36 » » 29 G, A. Turov » 0.235 » 


single series of observations, in which case there are no differences in the photometric system. It follows that 
further increase in the amount of data obtained at the same level will not improve the accuracy of Ey. Therefore 
new determinations of Eg will be necessarys with absolute constancy of atmospheric transmission. A rapid and 
exact solution of this problem would come from measurements outside of the atmosphere as a result of advances 
in astronautics. 


P. F, Lesgaft Institute of Natural Sciences Received February 2, 1957 
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PHOTOELECTRIC PHOTOMETRY OF SECTIONS OF THE SURFACE 
OF MARS 


V. I. Moroz and A. V. Kharitonov 


In 1956, during the favorable opposition of Mars, measurements of the brightness of 
regions of the planet's surface were made with an electrophotometer and reflector, Fe 1226 a, 
d= 50cm. In order to single out the regions, an approximately elliptical diaphragm, 

0.12 X 0.17 mm, was used, the diameter of the image of Mars being ~ 1.3 mm. For photometry 
blue, yellow, and,in some cases, red color filters were used, the effective wavelengths of which, 
in combination with the spectral characteristic of the photomultiplier and the energy distri- 
bution curve of the spectrum of Mars, were 4495, 5450 and 6050 A,respectively. The record- 
ings fof the photometer were read directly. Observations made during 6 nights (the end of 
August and September) of 37 different points of the surface of Mars were chosen for reduction. 
The observations were referred to a comparison star, sufficiently close to Mars. The stellar 
magnitude and color index in the international system of the two comparison stars used were 
determined in October with sufficient accuracy by referring them to six stars, included in 
Eggen's photoelectric catalog. 


As a result the international photovisual and photographic magnitudes of the bright- 
ness (the brightness of 1 sec”, expressed in stellar magnitudes) and the color indices of different 
points of the planet's surface were derived. The stellar magnitude of the brightness of each 
measured point was used for determining the albedo. The data ate given in the form of tables 
and maps. The contrast between the maria and continents is comparatively small. For Ae= 
= 5450 A it does not as a rule exceed 0°71, and usually equals only several hundredths. The 
contrast in blue light is less, but on the whole the color index of the maria differs little from 
that of the continents (the maria are a little "bluer"). Evidently the contrast between dark and 
light regions varies strongly with time, in particular from one opposition to another, in depend- 
ence on different factors, Of the regions measured, of special interest is that of the bright cloud 
which appeared at the end of August. The contrast between the cloud and the "undisturbed" 
surface was 0!707 in photovisual and 0™01 in photographic light. For one of the nights the 
radiometric luminous intensity from 1 sec? of the planet's surface in three wavelengths was 
calculated. 


1. Introduction 


Data on the brightness, color and contrast of light and dark regions on the surface of Mars, in spite of the ex- 
ceptional interest centered on the study of that planet from several points of view, have been scarce and contra- 
dictory. It is sufficient to turn to the more extended and, apparently, up to date review by G. de Vaucouleurs [1]. 
Observations carried out at the time of various oppositions lead to different values for the contrast of dark and light 
regions. De Vaucouleurs was inclined to attribute this to some sort of systematic observational errors and to give 
greater weight to those observers obtaining higher contrast values. The weak contrast between light and dark regions, 
characteristic of the last opposition, has meanwhile been established as an indisputable fact flowing from observa- 
tions performed using different procedures, Probably, changes in the Martian atmosphere as a whole and, possibly, 
other factors as well, may bring about certain significant changes in the albedo of the dark and light regions and 
in the contrast between them. Such phenomena as the disappearance, for a short time (three days), of the polar ice 
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cap, the appearance of a large and bright cloud, have been duly noted by all who observed Mars during the time 
of the recent opposition, and much has been said on those points. As regards the color of the dark regions, de 
Vaucouleurs views the visually observed bluish hue of the maria as hardly acceptable proof for a growth of albedo 


of the maria with decrease in wavelength ([1], p. 261), giving no credence to the photometric data which are, 
besides, rather scanty. 


Taking the above into account, it seemed to us of interest to carry out photoelectric measurements of the 
brightness and color of various sections of the surface of Mars with the intention of obtaining sufficiently accurate 
values for brightness, albedo, color and contrast between light and dark regions. The basic difficulty to be over- 
come in photoelectric observations of regions of the surface of planets appears to be flicker. To circumvent this 
difficulty is impossible without having recourse to very high-speed recording. There remained only the choice of 
selecting nights with rather little flicker. However, it must be noted that the same difficulty is associated with 
photographic photometry; in ordinary exposures of the order of a tenth of a second, the effect is almost of the 
same degree. Flicker interference effects are partially removed in visual observations, since the eye is capable 
of abstracting from the oscillations of the disk as a whole. Preliminary findings on special studies of flicker on the 
Kamensk plateau near Alma~Ata (where the Astrophysical Institute is located), carried out by L. N. Tulenkova, 
demonstrated that flicker is not very high and is less than a second of arc on good nights at a telescope aperture 
of 20 cm. 


We were familiar with only one earlier attempt to perform electrophotometric measurements of sections of 
the surface of Mars, about which only one very brief communication has come to light [2]. A small diaphragm 
was used to scan the disk of Mars, photometric sections were recorded, and a chart giving the brightness distribution 
was drawn up on the basis of the records. We made use of a simpler approach. Below, we give a description of the 
equipment used (§ 2), the technique for observing Mars and the absolute reference ( § 3), and the findings which 
we obtained in the observations carried out during the time of opposition of Mars in 1956 (§ 4). 


2. Photoelectric Photometer 


The observations were performed using a photoelectric photometer, set at the Cassegrain focus of the 50 cm 
reflector of the Astrophysical Institute (f = 11.24 m). The photometer, in essence a stellar electrophotometer, was 
designed by V. I. Moroz and built in the mechanical workshop of the Astrophysical Institute. The optical arrange - 
ment of the photometer may be seen in Fig. 1. The 00° axis is the optical axis of the telescope. The diaphragm, 1, 


Fig. 1. Optical details of photoelectric photometer. 


a round orifice in a specular surface mounted on a revolving drum 2, is located on the 00’ axis. Turning the drum 
_ and fixing it in corresponding positions, it is possible to set diaphragms of different diameters on the optical axis. 
Perpendicular to the latter andsituated above the working diaphragm is the ocular 3. With the aid of this ocular, 
it is possible to observe the image in the focal plane and, by operating the proper keys, to fix a star, a section of 
the surface of a planet, etc, in the diaphragm. In observations of Mars, an ocular with a relatively small magni- 
fication (simple lens f = 90 mm) was used for zeroing in. For photometry of Mars, a diaphragm 0.171 mm in 
diameter was employed. It was projected onto the focal plane as an ellipse having axes 0.171 X 0.121 mm or 
3" 15 X 2"24, This diaphragm appeared on the disk of the planet as a black point. It was scratched into the film 
of an aluminized mirror by means of aneedle anda foil stencil, Since remnants of the film inevitably remain when 
the diaphragm is prepared in that fashion, its effective area, necessary for ares eel brightness, was sihcaoee a 
by means of a photometric comparison with a hole drilled in metal, the area of es was later determined using a 
universal measuring microscope UIM-21, The comparison of the areas was carried out onan MF-2 microphotometer, 
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through the slit of which were passed alternately images of the diaphragm and of the hole in the metal plate. A 
portion of the mirror was freed entirely from the film, and, in the comparison, the plane of the hole through the 
metal was superposed onto the surface of glass on the portion completely freed from film. As a result, in passing 
from the diaphragm being used to the comparison hole, no refocusing of the microphotometer was required. Trans- 
mission of the mirror glass with the diaphragm was later measured on a monochromator and was found to be inde - 
pendent, in the region of the spectrum concerned, of the wavelength (of 9% losses in the glass, at least 8% were 
contributed by reflection and only the remainder by absorption). The effective area of the working diaphragm 
proved to be about half that of the geometrical area. The dimensions of the working diaphragm given above are 
the geometrical ones. They in fact determine what are the dimensions of that section of the planet encompassed 
in the diaphragm. The ratio of effective to geometrical area gives the total transmission of the remnants of the 
aluminum film. The wavelength dependence of the transmission of those remnants was not successfully revealed, 
For observations of comparison stars, a second diaphragm of considerably larger diameter (5 mm) is found on the 
diaphragm, This diaphragm is a hole drilled through a silver-coated glass plate. 


The optical arrangement of the photometer in- 


r, coulomb/ cal : 
corporates, as usual, a Fabry lens giving an image of the 


Tmax 


1500 ms principal mirror on the cathode 5 of the photomultiplier. 


There are two measuring rules (6 and 7) serving the 

light filters. A continuously active phosphor is mounted 

on one of these bars (alpha-particle activation), the 
phosphor serving to monitor the sensitivity of the apparatus. 
An electromagnetic stop 9 is controlled by the observer 
taking notes and recording. The polarization analyzer 

4 contained in the optical assemly of the photometer 

was removed during observations of Mars. 


0 ae 
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ZhS-17 and SS-5 light filters were used for ob- 
servations of Mars. The spectral response of the photo- 
electric multiplier was determined by using a UM-2 
monochromator and a standard tube (taking into account both the dispersion curve and the transmission properties 
of the monochromator), and the response characteristic was later corrected somewhat on the basis of the observation 
of comparison stars. Isoenergetic curves for a photometer with and without light filters are given in Fig. 2. Curve 
a is referred to a photometer without light filters, b is for a photometer using a yellow light filter, and curve c is 
for a photometer using a blue light filter. The reflection coefficient [reflectivity] of the aluminized mirrors of 
the telescope was assumed to be wavelength-independent in accordance with data available in the literature [3]. 
The effective wavelengths of the light filter — spectral response of photomultiplier — optical transmission — atmos- 
pheric transmission — energy distribution combination in the spectrum of Mars were equal to 5450 A for a ZhS-17 
[yellow] filter and 4495 A for a SS-5 [blue] filter. The choice of filters was arrived at from considerations of 
adequately satisfactory approximation of the observational system of stellar magnitudes and color indices to the 
international system. 


Fig. 2. Spectral response of photometer. 


The electrical circuitry of the photometer is presented in Fig. 3. A photoelectronic multiplier of the FEU-19M 
type, with a planar semitransparent cathode acting as light receiver in the photometer, operated with voltage scaled 
down to 750 v during observations of Mars. The sensitivity of the tube at the spectral response peak (in the neighbor- 
hood of 4400 A) amounted to about 1420 coulombs/ cal. In observations on weak stars, the voltage may be increased 
on up to 1000 v, with the sensitivity increased 35 times in the process, but this also involves an increase in the dark 
current, whose oscillations set limits on the penetrating power of the photometer of magnitude 11™ (without a light 
filter, stars of such brilliance may be examined photometrically to an accuracy of ~ 3%), 


The anode current of the photomultiplier is amplified by a simple dc vacuum tube amplifier. This amplifier 
consists of a differential cathode follower, whose tubes operate with reduced grid current. A similar circuit is given 
detailed description and discussion in[4, 5]. A variant of this circuit, employed in the photoelectric photometer 
in question, is characterized by the parameters tabulated in Table 1 below. 


AnM~25 galvanometer (sensitivity 2.1 - 10-?amp/mm/m, period of natural vibrations 6.8 sec., R,, = 420 ohms, 
Rint = 87 ohms) functioned as recording instrument. The dependence of the amplifier output current on the input 
voltage was linear over a wide range. The gain varied by steps from 0.4 to 4000 with a variation of input impedance 
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from 104 . 
sae each wea RR apie ai st a sections of the surface of Mars were performed 
Sibi 3 a p ne ance values were not equal to rated values and 

Y, generally speaking, vary with time, the ratio of gain at different ranges was determined empirically when 
using ranges in the measurements. These determinations were done in a very simple manners the flux from the 
photometric standard (the phosphor) was measured over two comparable ranges at a certain definite photomultiplier 
supply voltage, which was chosen such that readings over both ranges could be made with sufficient accuracy, If 
it became necessary to compare a larger number of ranges, the photometric standard was measured ‘at two 
three different values for the photomultiplier supply voltage. 


Vvs-1 
- 750-1050 


10 


220V % 


Fig. 3. Electrical circuitry of photometer. 


The supply voltage source for the photoelectronic multiplier was a high-voltage stabilized rectifier Vvs-1, 
the output voltage of which could be set within the range of 550 to 1050 v. As demonstrated by an experiment 
using this rectifier in electric photometric installations of the Astrophysical Institute, its stability was fully satis- 
factory. 


TABLE 1 

Tube grid current 2-107 amp 
Slope of gain 40pa/v 

Peak current gain 4000 

Anode supply voltage 50 v 

Tube filament voltage 4v 

Voltage fluctuation limit 3:10 5y 
Current fluctuation limit 3+ 10-8amp 


The accuracy of measurement of flux from a constant and sufficiently bright source, which could be provided 
by the photometer, was rather high: the average quadratic error of the arithmetic mean from four readings in 
measurements of such a source (and it was, in fact, a very quiet phosphor, free from spurious oscillations, which 
was at our disposal in testing the experiment) did not exceed 01002. The accuracy obtained in the photometry 
of astronomical objects was naturally lower, since it was restricted by the errors introduced by the earth's atmosphere. 


3. Procedure for Observations of Mars and Reference to International System 
of Stellar Magnitudes and Color Indices 
7 SLC ete a lc a 


Photoelectric observations of Mars were carried out in the manner described below. The focal image of the 
planet was set on the optical axis of the telescope. The disk was viewed visually with the aim of clearing up 
characteristic details visible on the surface of the planet, and evaluating the extent of flicker. A certain amount 
of experience with preparatory test observations was required in order to gain the ability to determine at what 
point the flicker present would render photometry impossible, and up to what point it would not. However, a small 


877 


amount of flicker was a necessary, but not a sufficient condition for the possibility of carrying out similar observa~ 
tions, Stable transparency was also required. It often happened that instants of exceptionally little flicker coincided 
with extreme instability with respect to transparency, and a certain impression of possible correlation between the 
two was even created. Usually, the second half of the night was more favorable for observations of Mars. 


When the state of the atmosphere was acknowledged to be sufficiently good, several points were observed on 
the disk in a manner such that part of them were to be found in bright and others in dark regions. In order to 
minimize the effect of limb darkening on our results, we avoided carrying our observations too close to the limb. 
At first, a relatively large number of observation points (8 points, for instance, on August 28-29) were chosen, while, 
towards the end of the observation period, we preferred to measure a small number of points (e.g., 3 on Sept. 17-18); 
but repeated the measurements in several runs, in order to obtain the best possible verified contrast values. The 
brightest and darkest points on the central portion of the disk (according to maximum and minimum readings) were 
thus sought out empirically, and they were included into the list of points marked out for measurement in the ori- 
ginal schedule. The positions of the points to be examined photometrically were marked off on a rough drawing 
of the disk and the distance from the center was evaluated in fractions of the radius, as well as the orientation of 
the radius vector. The accuracy obtained in the evaluation of the distance varied from 0.1 to 0.2 of the radius, 
which, in the central portion of the disk, corresponds to 5-10°. Consequently, in treating the observations, areo- 
graphical coordinates were computed for each section observed, and the sections were superimposed onto a map of 
Mars (Fig. 6). 


Inaccuracies in the functioning of the clockwork, entirely unnoticeable in observations of stars, introduced 
certain difficulties into the picture. These inaccuracies have the character of gentle jerks, slowing-downs, etc. 
The observations were therefore carried out in practice in the following manner; the observer, working at the 
ocular, set the diaphragm at the necessary point and gave a command to the second observer to take down the 
reading; or else the observer taking down the readings continually read them aloud, while the observer working 
at the ocular selected out those readings which coincided in time with the correct setting of the diaphragm, cor- 
recting the orientation with a fine movement of the key adjustments, when the diaphragm moved off the observed 
point. The inaccuracies alluded to in the functioning of the clockwork prevented us from trying out the method 
of recording sections. Besides, at conventional recording speeds, there is some basis for doubting the effectiveness 
of the last-mentioned technique for the task in question, since the technique must be more sensitive, if you please, 
to flicker than is the method of direct readings. The method of recording sections is an intriguing one in that it 
makes it possible to obtain data on limb darkening, which the method of obtaining direct readings is virtually in- 
capable of providing. We were not in a position to measure limb darkening, since, at the peripheral parts of the 
disk, an accurate fix on the position of the diaphragm is required, and cannot be realized in practice owing to the 
difficulty of evaluating the distance by eye, and also because of the uneven behavior of the clockwork and flicker. 
In measurements of the central portion of the disk, all these factors acted essentially to a lesser degree, although 
even they were capable of causing a reduction in the measured values of contrast, compared with real values. 
Dark regions apparently suffered more from too high measured values for brightness, than did the light areas from 
reduced values (on account of the relatively smaller area presented by the former), 


In measurements made with a yellow filter, readings on a half-meter galvanometer scale were of the order 
of 300 mm, while measurements made by the blue filter were of the order of 100 mm. The time required for each 
reading amounted to 5-10 sec, 


The observations were carried out jointly by both authors in the course of a number of nights during August 
and September, six of those nights being selected for treatment of the data (August 28-29 and 30-31, September 
1-2, 10-11, 11-12 and 17-18). Some additional material was obtained on October 5-6, whereby, to the two light 
filters in earlier use, a third red filter KS-10 was added (Ae = 6050 A; isoenergetic curve of the photometer using 
this filter; curve d in Fig. 2). 


The comparison star was subjected periodically to photoelectric measurement, the star chosen being sufficiently 
close to Mats, with AG 8421 serving exclusively as the reference star up until September 1-2, then to be replaced 
by 93 y, Aaqr (Table 2). 


The difference in the heights of the reference star and of Mars did not exceed 2°, and the correction for 
differential extinction arising on account of the difference in air masses was calculated on the basis of mean values 
of the coefficient of transparency. The question relating to the effect of the difference in the effective wavelengths 
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when ene transparency into account will be discussed further below. In taking measurements of the reference 
stars, a diaphragm of 5 mm diameter was employed, 


TABLE 2 
| Xi ase | Sios0 | ™ I pv Cy 
AG 8421 23h45™088 | —9°1675 o777-+070415 +07918+4-07012 
932 Aqr | 2315 18 | —9 27.3| 4.43-40.01 —0.183 + 0.007 


In October, in the course of three nights, the international photovisual magnitudes and the color indices of 
the reference stars were determined by reference to six stars whose magnitudes and color indices are contained 
in Eggen's catalog of 833 stars [6]. Data on these stars are given in Table 3. In that table my, denote the in- 
ternational photovisual stellar magnitudes, found from Eggen’s Vj values according to the formula 


mi po = Ve + 0™02 + 0703. (1) 


The error indicated is the probable error for one comparison. This formula may be obtained with ease by taking 
into account the fact that the systematic component of the difference Vg — Vy, where Vy is the stellar magnitude 
in the Morgan-Johnson system, equals, at most, 0™0015, and consequently may be safely neglected. We determined 
MIpy — Vy in accordance with the table of Vj values for NPS stars, which is given in[7]. It is equal to oMo2 + oMo2 


ECAR bars 
= 
Gur|d nol 
Spec- = 
Star ae 8:00 | MI py ae Cy (my—m) 4 XS >? 8 
sX = | S 


8 Tri 2n10™8 | +33°46’ | 4790] GOV | 407497 | —0™57 | +0708 | —o™49 | 4741 
y Ceti 2 38.1 249 | 3.48 | A2V | 40.035 | +0.91 | +0.03 | +0.94 | 4.42 
a Ceti 297.4 3 42 | 2.54 | M2UIT} +4.519 | 44.72 | 40.20 | 41.92 | 4.43 
40 01 | 4.70 | GOV +0.512 | —0.37 | +0.08 | —0.29 | 4.41 


A Aur 5 1a 
yAq! |19 41.5 10 22 | 2.66 | K3II | 44.392 | +1.56 | +0.19 | 44.75 | 4.41 
yAqr |22 16.5 4 53 | 3.89 | AOV | —0.120 | 40.57 | +0.01 | +0.58 | 4,47 


Mean 4743-0701. 


and accordingly, taking into account the fact that the probable error of the one difference Vg — Vj is equal to 
+ 0017, we obtain (1). The spectral classes in Table 3 are presented according to[6]. The color indices are 


obtained from the Eggen values according to the formula 


ao (P—V)_+ om040 (2) 
I 1.065 

In [6], that expression is derived for the association of C, with (P — V)g, where Cp is the color index in the 
system used in Eggen's earlier works, In conformity with [8], te mean difference Cpa el= 0019, there is 
no systematic deviation and, consequently, we are justified in using (2). The probable error for the relationship 
between Cp and (P ~ V)p amounts to + 0M011, from which we get a probable error for (2) equal to + 017022. 


The seventh column in Table 3 gives the measured extra-atmospheric ratio in the brightness of the reference 
star No. 2 (93 wy» Aqr), and the brightnesses of each of the Eggen stars. This ratio, expressed in stellar magnitudes 


in the observational and international systems of stellar magnitudes, was found on the basis of the same stars and 


six NPS stars (No. 1, 4, 5, 2r, 7, 9) in the form 
BM ny = bm, — (0.12 +0.01) aC, (3) 
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where 5Mpy is the difference in the stellar magnitudes of some pair of stars in the international system, 6m, 

is the same difference in the observational system, 6Cy is the difference in the international color indices. The 
probable error for one comparison of 5Mpy and 6m, is equal to + 0™03, To obtain this relationship, the 
differences 6m,,,,— 6m, were computed for each of the stars in Table 3 and for the stars of y Ceti (class A2 V, 
Cy = + 0035) and in NPS between each of the observed stars and star No, 5 (class A2, Cy = + 000), and all of 
these differences were laid out on the graph shown in Fig. 4 as a function of 6Cy. The method of least squares 
was utilized to find the angular coefficient 0.12 + 0.01. 
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Fig. 4. Relation between observational Fig. 5. Relationship between observational 
system of stellar magnitudes and international system and international system of color 
system. indices. 


By means of relation (3), the differences of the stellar magnitudes (my, —m)a in the observational system 
were converted to the differences (my E M)tpy’ given in Table 3 in the ninth column, The differences (Cy — C)y | 


needed to compute (my — m)[py were found from the measured differences (Cy —C) on the basis of the relation 
$C; = (1.005 + 0.016) 8C,, (4) 


determined from the observations of the stars in Table 3, the same NPS stars, Capella and Vega in the same manner 
as was done in the case of the stellar magnitudes. A graphic representation of that relationship is given in Fig. 5. 
The probable error in one comparison of §Cy and 6C, amounts to t 004, The extra-atmospheric magnitude of 
the reference star No. 2, determined on the basis of each of the stars appearing in Table 3, is given in the last 
column of thattable. The color index given in Table 2 for star No. 2 was determined by comparison with the stars 
in Table 3 (adding Vega and Capella) and using relation (4). 


(my —m), and (Cy —C), were determined by using the differential method, the procedure resorted to 
making it possible to circumvent determination of the coefficient of transparency. Attempts to use Bouguer's method, 
as might have been anticipated, led to the conclusion that is was impossible to adopt that method for purposes of 
accurate photometry, owing to the time variation of the coefficient of transparency. Nikonov'’s method [9], as in 
general any method requring the use of extra-atmospheric magnitudes and colors, calls for rather protracted pre- 
paratory work on the one hand, and on the other (in the case of stellar magnitudes), implies a high stability, of 
long duration, on the part of the control phosphor, We employed the following technique. All the stars to which 
93, Aqr was compared were chosen with declinations exceeding the declination of the latter. Moments were com- 
puted for each star, when the given star and 93p, Aqr reached the same height. 93y, Aqr was scanned photometricall 
many times in the course of a night, and the dependence of the logarithm of the reading on the air mass for all the 
nights was obtained. Each star listed in Table 3 was scanned photometrically once in the vicinity of the moment whe 
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it was found at the same height as 93y, Aqr,and again once or twice after the same or some other interval of time 
had elapsed, so that the slope of the Bouguer straight line graph at about the moment indicated was determined for 
each such star. On the basis of those data, the difference in the observed stellar magnitudes of 93, Aqr and of the 
given star was computed with ease exactly at the moment they were found at the same elevation. Since, at that 
moment, the atmosphere attenuated the fluxes emanating from both stars to the same degree, this difference is 
precisely the extra-atmsopheric difference which it was required to find (my —m)A. The latter is actually realized, 
true enough, only for the case of narrow light filters or for stars of closely related spectral classes, when the difference 
of the effective wavelengths for compared stars may be safely neglected. In the case of wide light filters and a 

large difference in spectral classes, it may not be neglected owing to the wavelength dependence of the coefficient 
oftransparency. If we turn to the real form of this relation, which, for the Kamensk plateau, was determined 

by V. S. Sokolova [10] and T. P. Toropova [11], it is possible to arrive at the fact that, for a yellow filter (visual 
region), the effect under discussion is a slight one, and may be left out of consideration. However, with observations 
using a blue filter, the difference may be in excess of 0! 1 (if stars of classes B or M are compared). Thus, the color 
difference may be drastically affected by the difference in atmsopheric extinction (even in observations at different 
heights at the same moment, as was actually done in the present case), arising on account of the difference in 
effective wavelengths. A similar effect, with application to observations of variable stars, was discussed by V. B. 
Nikonov and E. K. Nikonova [12]. 


We emerge from the position outlined above in the following manner. Since, in the last analysis, we need 
the extra-atmsopheric values not of 6C,, but of 6Cy, and the relationship between the catalog values of 6 Cy and 
the observational values of §Ca is determined to an appreciable extent from the observations made on the same 
stars with the same intervening atmospheric masses as were later used to determine the differences (Cy —C)a, we 
may assume that, in employing this empirical relationship, the effect of the spectral class on transparency is auto- 
matically offset when we employ it for the purpose of finding (Cy — C)z on the basis of (Cy — C)a- The error 
arising on account of the factor considered, in that operation, is roughly the same with respect to absolute magni- 
tude as the one arising when the dependence of 6C, on 6Cy is plotted, but is however of opposite sign. The essential 
of the matter is that the wavelength dependence of the coefficient of transparency is considerably more stable in 
time than the coefficient of transparency per se. . 


Since the comparison of 93y, Aqr and Mars was performed at the same elevations we are in a position to 
employ relation (4) in order to obtain, in addition, the differences (Cy, — Cy), where Cm is the color index of 
segments of the surface of Mars. We failed to detect any appreciable correlation between the color variation of 
the segments scanned and the variation in the atmospheric mass. This demonstrates that the somewhat primitive 
(with respect to color index) technique to which we had recourse in computing atmospheric attenuation gives 
errors smaller than the errors contributed by flicker and inaccurate orientation. Furthermore, it should be noted 
that the errors attributable to inaccurate computation of the transparency have a slightly distorting effect only on 
the absolute values of Mp and C;, of a section of the surface of Mars, being absolutely without effect on the contrast 
in Mpg and Cj, since the Patter was always quite small. It is possible to evaluate the corresponding correction to 
the mean value of the color indices of the light and dark areas on all the nights, derived in § 4, This comes to 
+ 0702. In the case of visual magnitudes MI py? as already indicated above, the procedure under discussion gives 
completely accurate results. 


The stellar magnitude and color of the reference star No. 1(AG 8421) is determined by measuring (Myo, 17 
—my)A and (Cy 4 Cy)a at the moment when No, 1 and No. 2(93y, Adr) are at the same height, rather than 
directly on the basis of the stars in Table 3. Therefore the error in MIpy and CI for the comparison star No. 1 is 
somewhat greater than for No. 2 (cf. Table 2). 


4. Results of Observations of Mars 


In the course of six nights, we observed 37 different points. All of those points were numbered in the approximate 
chronological order of observation as shown on the map of Mars appearing in Fig. 6. Areographic coordinates of 
the observed points were computed on the basis of data giving the times of observation and the coordinates of the 
visible center of the disk at some given moment. Data on the longitude of the center of the disk of Mars were taken 
from [13], and the latitude was numerically equal to the inclination of the earth as seen from Mars. This value 
was also given in[13]. Details given on the chart of the Martian hemispheres are taken from the chart compiled 
by D. P. Avigliano on observations of Mars made during the 1954 opposition [14]. The observed localities on the 
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Martian surface are indicated on the chart in the form of ellipses drawn by dashed lines, corresponding to our 


diaphragm with the orientation of the diaphragm at the moment of observation relative to the Martian meridians 
and parallels taken into account, and with the proper scale observed. 


Some of the 37 points were observed several times each, and one point (No. 2) was subjected to observation 
during the course of two nights. 


The brightness of segments of the Martian surface is expressed in terms of stellar magnitudes; with the 
effective area of our diaphragm known, computed, as mentioned earlier in the discussion, by taking into account 
absorption in the glass and in the film residues, and also taking into account the focal length of the telescope, 
equal to 11.24 + 0.06 m (found by measuring the diameter of a plate of Mars taken on the night of September 
15-16), it was possible to express the effective area of the diaphragm in square seconds, and then to refer the 
brightness found for segments of the surface of Mars to one square second. The characteristic so obtained is known 
as the stellar magnitude of luminosity, according to [15], for example, 


The international photovisual my y 2nd photographic Mp stellar magnitudes of luminosity for the segments 
of the surface of Mars which we observed are given in columns Sere 6, respectively, of Table 4. In the same 
columns are tabulated the number of independent measurements (in parentheses; each of the measurements con- 
sisted of several readings). Where a particular spot was observed several times, the arithmetic mean is given, and 
for point No. 2, observed over the course of two nights, the data obtained for each night are presented separately. 
The stellar luminosity magnitudes and color indices (column 8) are given to 0001, although the magnitudes and 
color index of the reference stars are known only to 001. This is done in order to avoid blurring the limited, but 
real contrasts of detail. 


In the first column of the table, we have the numbers of points as they are designated on the chart, and with 
them an indication as to just where on the disk of the planet the point in question was observed. The second column 
gives dates of observation and the world time, while, for points observed several times during a night, the average 
time of observation is given. In the third column, we have the areographic coordinates, and for some points the 
names of the Martian regions with which these points coincided. 


The albdeo was also determined for each point. It was found on the basis of the following considerations. 
LetE, =a- 107°-4M@ be the illumination of the earth from the sun, let a be some constant dependent on the 
system of units employed, m@ the stellar magnitude of the sun. The amount of illumination falling on Mars will 
then be 


erat 9.4m 
Eee Ore 
Om 


where a is the same constant, and Pg, and Py, are radius. vectors of the earth and of Mars. The illumination 
occurring on the earth, associated with one square second of the surface of Mars, and in the same units, will be 
e=a-107%4™M where m is the stellar magnitude (brightness of 1sec?), 


Since B = de/ dw, where B is the brightness of an extended object, and de is the illumination coming from a 


segment dw, we have 
By = 2. = (206265)? a-107°4™. 


According to [17], the relative coefficient of brightness, i.e., the ratio of the brightness coefficient of the 
given surface to the brightness coefficient of an orthotropic-scattering absolute white surface, is equal to r= Br /E, 


accordingly 
B ay! Wt 
a nM = (206265) 2x a 10° 4™o m) 
L yy | Ps 


For an orthotropic-scattering surface, the albedo is equal to the relative coefficient of brightness, and we 


refer to this, as is usually done, as the magnitude r of the albedo. 
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The stellar brightness magnitude of Mars was obtained from our own observations, while py and p, were 
taken from the "Astronomical Ephemeris." For the stellar magnitude of the sun, using the international shbroviuAl 
scale, the value mg, = — 26™72 was taken in conformity with the review article by Z. V. Kariagina [16], and 
the photographic stellar magnitude of the sun was based on the color index, which was taken equal to Cy = + 064, 
according to a paper by E. K, Nikonova [17]. 


The value of the photovisual T}py 2nd photographic rypg albedoes, computed for the points of Mars which we 


eiahge are given in columns 5 and 7 in Table 4. Column 8 gives the color index for each point observed in double 
eams, 


As a result of the fact that several points were observed only once, and several others a number of times, the 
accuracy of the values listed in Table 4 for magnitudes is different for particular points. The highest accuracy was 
evidently registered in measurements of segments observed on September 17-18. On this night, we observed no 
more than three points (Nos. 35, 36 and 37), but observed them many times, For these, we computed the mean 
quadratic error of the arithmetic mean of Mpy and Mpg? indicated in Table 4 for those points. The probable 
error in a single determination for those same points amounts to 09 015-0™021. 


The main source for the spread in the brightness values obtained for the same point is the difficulty of 
directing the diaphragm accurately on the same point of the planet's image. 


The data for each night, for the brightest and darkest points, taken from Table 4, are given in Table 5. 
Table 5 gives Miny? Mpg "py "pg and Cy for the brightest and darkest points, indicates the numbers of the 
latter and the number of observations carried out. The contrast registered in the photovisual Am,,, and photo- 
graphic AMIpg beams and in the color index AC, between the brightest and the darkest points for each night are 
also given. For two nights (August 28-29 and September 1-2), the darkest point in the photographic beams fails 
to coincide with its counterpart in photovisual beams. 


The data in Table 5 are of :special interest in connection with the fact that they are to a greater extent free 
from error. The effect of blurring the contrast, alluded to in §3, exerts its least effect on the data presented in 
Table 5, since the brightest and darkest points were selected expressly on the basis of the maximum and minimum 
readings. 


Maximum and minimum magnitudes Mpv’ "Ipv’ ™pg: "Ipg and the contrasts vary in an erratic manner from 


night to night as a consequence of the fact that various details were scanned photometrically (owing to the rotation 
of Mars) and possibly also on account of random variations in the state of the Martian atmosphere. Values for TIpy, 
'Ipg: and contrasts in mypy, MIpg and Cy, averaged over six nights for points of maximum and minimum bright- 


ness, are listed in Table 6. 


TABLE 6 

“TIpy “rIpg Cr Am Ipy AmIng AC 
bright regions 0.143} 0.063 | 1.513 : ealos 
dark regions ().133] 0.061 | 1.460 0.083) 0.050 0.053 


’ The difference between AmIpy and AMing and AC; does not coincide on account of the fact that, as we have 
already stated, the darkest points in photovisual beams sometimes failed to present the same aspect in photographic 
beams. In computing the values of ‘Ipg and C; listed in Table 6, a correction was introduced (alluded to in §3), 
for Cy and similar correction factor for Typg- 


was obtained on September 1-2, and amounted to 0136, while maximum 


Maximum contrast for Amy,y 
b8-29, came to 0™103, The maximum contrast in color indices was on August 


contrast Amjpg, found on August 
30-31, equal to 01061 (cf. Table 5). 


During the night of August 28-29, a bright cloud observed to the south of Noachis and Mare Erythreum (shown 
on the chart by dashed lines) was examined photometrically in a number of other regions. This detail was situated 
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somewhat closer to the limb than the objects which we usually scanned, being despite that fact the brightest 
region appearing on the disk. A region located at the same distance from the limb, southwest of the continent 
Tempe, functioned as a comparison object. The contrast between the bright cloud and Tempe amounted to om08 
in photovisual beams and 0:"01 in photographic beams. 


As may be seen from Table 5, the darkest spots in general appear to be a deeper blue as well. Furthermore, 
if all possible pairs of points observed in the two beams are taken for each night (the number of such pairs will be 
equal to the number of combinations of two each of 
4G, the number of points observed each night), and 
differences AC] and Amipy are formed for each pair, 
then the relationship between them will take on the 
Ot form seen in Fig. 7. The correlation coefficient 
° between AC] and AMIpy is — 0.18. The relationship 
finds a rather indeterminate expression, but it never- 
theless really exists: 37 points lie above the abscissa, 
ae while 21 points are located below the abscissa. 


In any case, the color difference in bright and 
dark regions is slight, which affords support to data 
obtained photographically by V. V. Sharonov [18]. 
Evidently, the apparent blue color of the mariaas ob- 
served in visual observations is a phenomenon brought 
about by purely physiological effects. In observations 
made by eye (nonphotometrically), the contrast is 
very sharply enhanced, generally speaking. 


e 210A My 


° From the data which we obtained, it follows 

e ; naturally that the contrast of dark and light regions 
se : ‘ was of limited scope during the recent opposition. 

+0050 The variation in contrast from one opposition to the 
°° a next is apparently quite real in nature. It may be 


explained by changes in the real properties of the 

° Martian surface, possibly associated with climatic 
fluctuations. / Additional observations were carried 

out on the night of October 5-6. The absence of 

phase angle from zero had already been readily noticed 
even a week before and up to a week after the opposi- 
tion, and on October 6-7 the phase effect acted as a hindrance to photometric work. It is interesting to note that 
the maximum effect of the phase angle was exerted in the blue rays, and the minimum effect in the red (on that 
night, a red KS-10 filter, 1, = 6050 A, was added to the SS-5 and ZhS-17 filters), The maximum contrast ob- 
tained with red filter was 0718. 


Fig. 7. AC, as a function of AmIpy- 


According to data obtained on October 6-17, energetic illuminations from one square second of the surface 
of Mars (for medium~brightness points) were observed, They are tabulated in Table 7 and computed over a 
spectral interval of 500 A. 


For that calculation, we utilized the radiometric stellar magnitude of the comparison star No, 2 (93, Aqr), 
which we found, with the dependence of the heat index on stellar class already known [19]. 93y,. Aqr is of spectral 
class B5, according to [20], and its heat index is equal to 0! 02, According to the formula associating the radio- 
metric stellar magnitude with radiometric irradiance [19], it may be reckoned that, for the star 93y, Aqr, the 
latter is equal to 3 - 107 cal/cm?.min. This is the value referred to zenith under the transparency conditions prevaili 
at the Mount Wilson Observatory. Supposing the energy distribution in the stellar spectrum (in the working region) 
to correspond to Planckian distribution at a temperature of 18,000°, which is a rather good approximation [21], we 
obtained the radiometric irradiance E,° from the reference star in the spectral regions selected by our filters. 

This yielded the radiometric illuminances Ey from 1 square second of arc of the surface of Mars (computed over a 
500 A interval of the spectrum), given in Table 7. Correction factors were introduced to account for atmospheric 
extinction and for the difference in the effective wavelengths of the photometer with the same light filter for 
Mars and for the comparison star. 
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In view of the, to a certain extent, indeterminate character of the values for radiometric illuminance from 
the stars, it is not possible to youch for the accuracy of the absolute values presented in Table 7, although the 


tatios of those values provide an idea of the energy distribution in the spectrum of Mars. The color temperature 
of the surface is about 3500°K. 


TABLE 7 TABLE 8 


6050 | 5450 


October 5-6 


1.49 


October 7-8 1.367 


On October 5-6 and 7-8, the magnitudes and color indices of Mars as a whole were measured. The results 
of those measurements are to be found in Table 8, 


In view of the fact that the limb darkening is weaker in blue light than in red, Mars is as a whole more blue 
than its central regions, where we took measurements in particular segments. 


We feel ourselves obliged to express our gratitude to Academician V. G. Fesenkov, the initiator of this 
effort, for his constant kind attention to the endeavor and his critical judgment of the findings ensuing from it. 


Astrophysical Institute of the Academy Received December 15, 1956 
of Sciences of the Kazakh SSR 
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PECULIARITIES OF THE MINERAL COMPOSITION AND STRUCTURE 
OF METEORITIC MATTER AND THE ORIGIN OF METEORITES 


A. A. Iavnel' 


The difference in the mineral contents of meteorites — the change of the composition 
of pyroxenes and the ratio of olivine to pyroxene in chondrites, the ratio of kamacite and 
taenite in iron meteorites, etc. — is explained by a regular change in their chemical com- 
position. 

The equilibrium diagram of the Fe—Ni system shows that the structure of iron mete- 
orites was formed under very slow cooling of the iron-nickel alloys. The different structure 


of iron meteorites of identical composition is a result of the fixation of structures formed 
at different temperatures (lower than 450°C) and pressure (less than 10° atm). 


The structures of meteorites, as well as their metamorphic variations, originated be - 
fore the breaking up of asteroids, as a result of the complex thermal history of these cosmic 
bodies, 


The essential mineralogical composition of meteorites is determined by their chemical composition and 
presents certain regularities [1]. 


Calcium-rich achondrites corresponding to the upper layers of asteroids are composed mainly of alumino- 
silicates in the form of plagioclase mCaO - Al,Og - 2SiO, - nNa,O - Al,O, - 6SiO, and magnesian silicates such as 
pyroxene (Mg, Fe) O- SiO, and,in part,olivine 2(Mg, Fe)O-SiO». 

The silicate phase of calcium-poor achondrites, chondrites and other subclasses of meteorites from the deeper 
layers consists mainly of pyroxene and olivine, the latter increasing in amount (with increased MgO content) in 
pallasites. A regular change in the ratio of pyroxene to olivine and in the composition of these minerals is observed 
in passing from group I to group V of meteorites and is especially well shown by chondrites. 

While the silicate phase of chondrites of group I consists entirely of pyroxene, the content of olivine increases 
gradually in the following groups, until in chondrites of group V (carbonaceous) it becomes an essential mineral. 

At the same time, the content of FeO increases in these minerals, the pyroxene of group I is almost pure enstatite 
(MgO-SiO,) while that of group IV is hypersthene with over 20% FeO. 

Thus, in chondrites the ratio of pyroxene to olivine and the content of iron in these minerals changes regularly 
over a considerable range. Therefore, calculations of averages of these characteristics and especially the attempts to 
to represent these averages in terms of definite molecular ratios are useless. 


For this reason Chirvinskii’s conclusions (his "laws" I and II) cited in a previous paper [1] do not in reality 


reflect any regularities in the chemical-mineralogical composition of chondrites. 


The characteristics here are not the average ratio of pyroxene to olivine and the amount of iron in them but 
the systematic variation in these values. This regularity follows directly from the systematic increase of the FeO 
content in passing from group I to group V of meteorites [1]. 

As the result of increase in FeO, its content in the silicate minerals also increases, since Fe atoms replace those 
of Mg in the crystal lattices. This, however, is not all. As we have seen (Fig. 1 in[1]), the ratio of Mg to Siin 
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different groups is sufficiently constant and computations of the molecular ratio MgO : SiO, in chondrites show that 
it is near unity. This was noticed by Brown and Patterson, Thus, in the absence of FeO the combination of these 
oxides should form pyroxene only, i.e., estatite, as in group I. 


With increase in FeO, the molecular ratio(Mg,Fe)O : SiO, becomes greater than unity, and as the result, in 
addition to pyroxene, a certain amount of olivine forms, in which this ratio is two. The result of increase in the 
FeO content is the observed change of mineral composition of the chondrites. 


The absence in the silicate minerals of meteorites of the higher oxides of elements and the presence of such 
minerals as schreibersite (Fe, Ni),P indicate that the meteoritic matter was formed in an environment deficient in 
oxygen. This confirms the truth of our postulate advanced to explain the "primary”® regularity of Prior. 


The mineral composition of the metallic phase also varies systematically in passing from one group of mete- 
orites to another and this is explained by the change in the content of nickel in the nickel-iron material. 


In connection with this, it is advisable to review the related problem of formation of the iron meteorite 
structures, 


Iron meteorites are alloys of iron with nickel and small amounts of cobalt, phosphorus and other elements. 
The atoms of nickel and cobalt replace iron atoms in the crystal lattice, forming two types of solid solutions with 
different lattices; the a&-phase or kamacitehasa body-centered cubic lattice (Fig. 1), while the y -phase or 
taenite has a face-centered cubic lattice (Fig. 2). The parameters of the lattices depend on the content of nickel 
and cobalt in the alloy. 


Most of the iron meteorites containing up to 6% of nickel consist of large crystals of the single-phase alloy 
and are called hexahedrites, while the rest contain two phases and exhibit either Widmanstatter (more correctly, 
Widmanstatten) structure with an octahedral pattern, and are called octahedrites or (a smaller part), a fine-grained 
structure and are called ataxites. 


| 
| 


In order to explain the phase (mineralogical) composition of iron meteorites and their structures, it is necessary 


to refer to the phase diagram of the multicomponent system of the elements of which these meteorites are com- 
posed, As a first approximation the phase diagram of the system iron-nickel is usually taken. 


This system investigated on artificial iron-nickel alloys with nickel concentration of about 30% and tempera- 
tures below 900°C exhibits allotropic change of the solid solution with the transformation from the gamma to the 
alpha phase. Artificial iron-nickel alloys containing up to 20% nickel consist of one phase only and differ in this 
from meteoritic iron, which with nickel content of only 6% is already composed of two phases (& and y). 


Another important difference is in the structure, which is microcrystalline in the artificial alloys but not 
in the meteorites. The hexahedrite structure shows very large crystals of the O-phase and the continuous Wid- 
manstatten pattern in octahedrites also indicates a coarsely crystalline structure of the y-phase. This is due most 
likely to the slow cooling of meteoritic iron both in the y -phase at high temperatures and in the a-phase at low 
temperatures, 


It should be noted that Perry's opinion [2] about separation of small crystals of iron-nickel phosphide along 
the boundaries of small y -grains is erroneous. As has been shown by Uhlig, these crystals are concentrated along 
local deformations of the @-lattice and have no relation to the crystallization of the y -phase. The author's con- 
clusion [3] based on Perry's statement that the Sikhote-Alin meteorite cooled relatively rapidly at first was there- 
fore incorrect. 


It was supposed at one time that the meteoritic iron was formed under equilibrium conditions with a very slow 


rate of cooling and that its phase composition must be explained by the equilibirum diagram of the system Fe—Ni. 
For many years, attempts were made to construct an equilibrium diagram of this system with an eutectoid trans- 
formation of the solid y -solution, i.e., a diagram different from the usual phase diagram of this system. 


One of the latest diagrams of this type was a fairly complex one constructed by Bradley and Goldschmidt 
[4] in which the interval of the y > o transformation is only 230° (from 580 to 350°C), Accordingly, Bradley [5] 
expressed the opinion that a single cooling of the alloy in this narrow range could not lead to the formation of the 
coarsely crystalline Widmanstatten pattern and suggested that the structure of iron meteorites must have formed 
after repeated reheating of meteorites to a temperature not exceeding 580°C as the result of their approach to the 
sun and the subsequent sudden cooling to the temperature below 350°C. 
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Otherwise, had the alloy been raised even once to a temperature over 580°C or cooled slowly below 350°C, 
it would have lost, according to the Bradley-Goldschmidt diagram, the already acquired structure and the entire 
process of formation of Widmanstatten pattern would have had to start anew. 


Fig. 2. Face-centered cubic lattice (a — unit cell). 


This hypothesis is groundless from the astronomical point of view, as has already been pointed out by Watson 
[6]; moreover, the Bradley-Goldschmidt diagram has not been confirmed by later investigations. 


Before proceeding with a discussion of these investigations, another unsupported view may be mentioned, 
namely, that the Widmanstatten figures in iron meteorites are due to some other cause than slow cooling. It was 
supposed by Slavinskii[7], for example, that this structure appears only in meteoritic iron and can be explained 
either by crystallization in the absence of nitrogen and oxygen of the air or by the presence in the iron of some 
minute admixtures which cannot be discovered. Widmanstatten structure, however, is well known in black and 
colored alloys and in Fe —Ni alloys among them, but is usually on a microscopic scale because of relatively rapid 
cooling of these alloys. Moreover, this structure appears whether melting was done in a vacuum or in the air. 


It was believed by Owen [8] that meteorites falling through the earth's atmosphere are heated throughout to 
very high temperatures and that their characteristic structure could form only after they reach the earth. Everyone 
who is familiar with meteorites knows that they have a very thin fused crust and are heated during their fall to a 
very small depth from the surface. Therefore, Owen's hypothesis was immediately disproved [9]. 


Returning to the main problem, it must be mentioned that together with the diagrams of the eutectoid type 
many equilibrium diagrams were suggested of the same type as the nonequilibirium diagram of the system Fe —Ni. 
As a result of careful experimental work on iron-nickel alloys, Owen and Sully [10] obtained an equilibrium dia - 
gram for the system Fe —Ni which was later refined by Owen and Liu [11] and extended into the lower temperature 
region by Lihl [12]. 

This diagram, reproduced in Fig. 3, shows first of all that under equilibrium conditions there occurs only a 
shift in the lines of transformation of the solid solution without change in the type of transformation. Thus, different 
diagrams of the system Fe —Ni of the eutectoid type are not confirmed. In the lower part of Fig. 3 the distribution 
of iron meteorites according to the nickel content is shown,as well as their subdivision into groups. 


An examination of this diagram gives an idea of the general features of formation of phases and structure of 


iron meteorites. 
A slow cooling of an iron-nickel alloy leads to the formation of very large crystals of the y-phase. When 
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the temperature of the y > transformation, corresponding to the upper line in Fig. 3, is reached, the o-phase 
appears whose crystal lattice is oriented in a definite way with respect to the lattice of the y ~phase, i.e., the 
plane (110) of the @-phase is parallel to the octahedral plane (111) of the y -phase and the direction of (111) of 
the o-phase is parallel to (110) of the y-phase. This orientation satisfies to the highest degree the conditions of 
structural and dimensional correspondence of both lattices at the moment of reconstruction. In this way the octa~ 
hedral Widmanstatten structure of the alloy is formed. 
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Fig. 3. a) Phase equilibrium diagram of the system Fe —Ni (at temperature 
below 900°C); solid line —Owen,Liu(1 atm ); interrupted line — Lihl (1 atm ); 
dotted line — Uhlig (10° atm —calculated).* b) Distribution of iron meteorites 
according to the nickel content. 


The composition of the first nuclei of the a-phase is determined by the initial temperature of the y >a 
transformation (depending on the concentration of Ni in the alloy) and is found on the lower curve. With further 
lowering of the temperature and increase in the a-phase at the expense of the y-phase, the composition of the 
phases changes, that of the y -phase along the upper curve and of the a-phase along the lower curve. 


It follows from this that the attempts to represent the composition of meteoritic iron by definite chemical 
formulas (by Buddhue, for example [13]) are without foundation, since Fe and Ni do not form either chemical 
compounds or definite solid solutions within the range of concentration below 75% Ni. Nor is there basis to regard 
the hexahedrites [13] of group I as chemical compounds. As is shown in Fig. 3, the composition of iron meteorites 
of different groups is not based on any phase diagram of the system Fe—Ni, i.e., on the composition of the a- 
and y -phases, but is determined by other causes cited earlier [1]. 


If the concentration of nickel in the alloy does not exceed a few percent, the entire alloy passes into the 
a-phase, which with slow cooling will form very large crystals. An alloy with a higher nickel content will consist 
of two phases and will preserve the Widmanstatten structure which will become more and more coarse with gradual 


cooling, due to the growth of crystals (rods) of the a-phase along the octahedral planes with simultaneous increase 
in nickel content in both phases. 


* As in original — Publisher's note. 
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With rapid cooling the y -phase changes into a metastable o,~-phase of the same composition as the y ~phase, 
but with a distortion of the body-centered cubic lattice. When heated, this phase breaks down into dispersed y- 
and a-phases and acquires structure analogous to that of ataxites. No subsequent heating of the finely dispersed 
alloy in the (@ + y) region can bring on recrystallization with formation of Widmanstatten figures, 


Thus, the coarsely crystalline structure of the hexahedrites and the Widmanstatten structure of the octahedrites 
are explained by slow cooling. 


In spite of the convincing metallurgical data, A. N. Zavaritskii [14] sought an explanation of the structures 
of iron meteorites in recrystallization (metamorphism) and not in slow cooling. As a proof, he referred to the ob- 
viously erroneous ideas of Bradley [5] and Owen [8] cited above. Further, Zavaritskii, contradicting himself, gave 


an incorrect eutectoid diagram for the system Fe—Ni which admitted the possibility of formation of coarsely crystalline 
structure by slow cooling. 


To explain the primary coarsely crystalline structure of the y -phase, Zavaritskii proposed an entirely different 
mechanism — the growth of crystals of the y ~phase in a cloud of molten droplets of iron. 


Thus, instead of one process of formation of iron meteorite structures which is explained by the phase diagram 
of the system Fe—Ni, constructed on the basis of experimental data, Zavaritskii proposed a very artificial scheme 
of this process without sufficient foundation. The main reason for this hypothesis was Zavaritskii's desire to reconcile 
the process of formation’ of iron meteorites with his concept of formation of chondrules; this will be discussed later. 
This approach to the problem of the structure of iron meteorites led Zavaritskii to incorrect conclusions. 


It is more correct, evidently, to continue the study of the conditions of formation of iron meteorite structures 
on the basis of the phase diagrams of the system Fe —Ni (in the first approximation). 


A comparison of the composition of phases of iron meteorites with this diagram (for pressure of one atmosphere) 
shows that the nickel content in kamacite (6.2%) and taenite (about 30% on average) is lower than the nickel content 
in the corresponding phases at low temperature, 


To explain this discrepancy, Henderson and Perry [16] assumed that the iron-nickel alloy cooled slowly down 
to 450°C and then the rate of cooling increased rapidly so that the composition of each phase corresponding to this 
temperature became fixed, producing the kamacite and taenite of the meteorites. 


A different explanation was given by Uhlig [17], who ascribed the discrepancy to the effect of high pressure, 
of the order of 10° atm. Under such pressure, according to Uhling's calculations, the temperatures of transformation 
in the iron-nickel alloy should be lowered by 200-300°C (Fig. 3). Therefore, the composition of the phases formed 
with slow cooling down to 300°C or even to lower temperatures, at which the rate of diffusion is extremely slow, 
would also correspond to the composition of kamacite and taenite. 


Uhlig explained also a number of details in the structure of iron meteorites on the assumption of sudden release 
of pressure and the generation in the alloy of a shock wave. 


These assumptions are justified by the authors with the explanation that iron meteorites were formed in a 
large body which was suddenly disrupted and this caused rapid cooling of the alloy (Henderson and Perry) or sudden 
release of pressure (Uhlig). 


It should be noted that the process of formation of meteorites is probably more complex than this. In the 
author's opinion, the temperature of formation of structures is the same in all iron meteorites. According to 
Henderson and Perry it is 450°C (with pressure of 1 atm.); according to Uhlig, about 300°C (with pressure of the 
order of 10° atm.). In this case there should be a unique correspondence between the structure and nickel content 
in meteorites, In reality there are many meteorites with the same nickel content but different structures. This may 
be the result of fixation of structures formed at different temperatures and, evidently, at different pressures, namely 
(assuming intermediate conditions between those assumed by the authors) in the temperature interval below 450°C 


and pressure lower than 10° atm. 

The fixation of structure may be explained by rapid cooling of the alloy form the given temperature. Thus, 
among iron meteorites of group I the hexahedral structure was evidently fixed at a lower temperature than in the 
coarse-grained octahedrites. In the latter, rapid cooling began before they passed into the one -phase region arid 
this preserved the octahedral structure characteristic of higher temperature, 
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At the same time, the coarse-grained octahedrites of group Il must have been at a lower temperature at the 
moment of fixation of their structure than the fine-grained octahedrites of the same composition according to what 
was said earlier about the growth of the «-phase rods with decreasing temperature. 


It follows from this that after a prolonged period of slow cooling the alloy was cooled suddenly. The differences 
in temperature in different parts of the alloy is most easily explained by assuming that the alloy had a large volume 
with a considerable temperature range through it. This confirms the conclusion that iron meteorites correspond to 
the central part of large bodies — asteroids. If the asteroids cooled from the surface towards the center, the coarse- 
grained octahedrites of group I (whose structures were fixed at a higher temperature) must correspond to the inner 
part of the central core, and the hexahedrites to the outer part. In group II very fine-grained octahedrites formed 
from the inner part of the core (possibly also nickel-rich ataxites) and coarse-grained octahedrites from the outer 
part, and so on. 


What has been said of temperature applies also to pressure. As was shown above, an increase in pressure affects 
phase transformations just as increase in temperature, namely, it postpones the y > & transformation, i.e., the 
beginning of formation of octahedrite structure. But in the deeper parts of the iron core,increase in temperature 
should be accompanied by increase in pressure and their effect must be parallel. 


It may be concluded that the structure of iron meteorites reflects the conditions which existed in the depths 
of the asteroids before their disruption, with which event the rapid decrease in temperature and pressure in the 
central part of these bodies must be connected. 


Now the structures of the other types of meteorites will be briefly reviewed. 


: : ‘ . . : ‘ " * . 
The structure of pallasites is a continuous net of iron-nickel alloy with Widmanstatten pattern and inclusions 
of olivine. 


In mesosiderites nickel-iron is dispersed as inclusions in a holocrystalline silicate matrix. 


Chondrites are characterized by the presence of minute globules — chondrules composed essentially of pure 
minerals —of olivine and pyroxene setina fine-grained groundmass of the same composition as the chondrules. 
Nickel-iron occurs in small irregular grains and sometimes in globules (iron chondrules). The inner structure of 
the chondrules indicates that they are products of relatively rapid crystallization of molten mass [14]. 


The calcium-poor achondrites differ from the chondrites in the absence of chondrules. 


The calcium-rich achondrites have structures similar to those of PS, basalts and diabases. Some have 
predominantly fine cataclastic structure. 


There are transitional forms among these various meteorite structures, 


Thus, the conclusion that the structure of iron meteorites was formed in the depths of asteroids must be ex- 
tended to meteorites of other types. Observations show that there are gradual transitions from one meteorite type 
to another, not only so far as composition is concerned but also in relation to structure, and it must be admitted 
that the structures of iron-stone and stone meteorites were also formed essentially during the time when meteoritic 
matter was a part of asteroids. It follows, then, that chondrules which are found in the matrix of stony meteorites 
were formed during the formation of these cosmic bodies and were preserved during their later evolution. 


This conclusion differs radically from the hypotheses of Zavaritskii and Urey and Craig concerning the con- 
ditions of formation of chondrules and chondrites. 


According to Zavaritskii [14] chondrules were’ formed as the result of breakdown of the parent planet and 
formation of a cloud of fine dust-like particles of molten matter which later solidified into chondrules. As an 
alternative, Zavaritskii suggested that chondrules might be products of volcanic eruptions on the parent planet. 
In his latest work [18] he abandoned this idea because of the difficulties involved in it. 


The structure of chondrites in Zavaritskii's opinion was formed after the disruption of the parent planet, and 
he extended this view to iron meteorites, considering their structure also as being the result of later recrystallization. 


An analogous picture of formation of chondrules was suggested by Urey and Craig[19]. The main difference 
between the two conceptions is as follows: Zavaritskii, on the basis of the similar average composition of the 
chondrules and the rest of the chondrites, believed that chondrites were formed from the peridotitic layer of the 
parent planet. 
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According to Urey and Craig, chondrules were formed from the minerals of the outer shells of asteroids 


during collisions and later,mixing with the matter of the inner shells of each asteroid,became constituents of 
chondrites, 


These ideas seem artificial to the author. 


At the same time, the general conclusion concerning the formation of meteorite structure in large bodies is 
confirmed by the widespread phenomenon of metamorphism in iron and stone meteorites, In iron meteorites, 
structural metamorphism is evidently thermal and is found mainly in meteorites of group I — hexahedrites, some 
of which,because of heating,have a fine-grained structure. Such meteorites are called nickel-poor ataxites. In 
other groups the degree of metamorphism is lower [20]. 


The structural metamorphism of stone meteorites studied in detail by Zavaritskii [14] consists in recrystalli- 
zation of chondrites (thermal metamorphism) and formation of hydrous silicates (hydrothermal metamorphism), 


The second type of metamorphism could have occurred at relatively low temperatures (300°-400°C) and is observed 
in carbonaceous meteorites. 


If the chondrites are arranged in groups and the character of metamorphism in them is studied, it develops 
that the highest degree of metamorphism is found in chondrites of group I and the least, in chondrites of group V 
(carbonaceous), i.e., the same sequence in the degree of metamorphism as is observed in iron meteorites. It 
follows from this that the cause of metamorphism was general for whole groups of meteorites, i.e., for individual 
asteroids. 


It may be concluded, therefore, that not only the formation of meteorite structures but also its metamorphism 
must have occurred before the disruption of the asteroids. For this reason the author some time ago advanced a 
hypothesis to the effect that a long period of time elapsed between the formation of asteroids and their disruption 
into meteorites,and that meteorites as such were formed relatively recently. This assumption is confirmed by the 
work of Singer [21] and other authors, who, on the basis of determination of He® content in meteorites, concluded 
that meteorites as fragments of matter have been in existence for only hundreds of millions of years. 


The following general assumptions may be made on the basis of the data on the structure of meteorites con- 
cerning its origin. 

After the formation of the silicate phase from the oxidized part of meteoritic matter and of the metallic 
phase from its unoxidized part, the material of these phases (or at least a part of it) acquired the shape of minute 
globules or chondrules. At the same time a differentiation of the phases (incomplete) took place during which 
the chondrules were preserved. The latter circumstance points to the fact, as was justly remarked by A. P, Vinogradov 
[22], that the differentiation of the phases did not consist in melting out of the metal from the initially homogeneous 
iron-silicate mass. 

As the result of this differentiation, the main mass of asteroids consisting of the silicate phase with an admixture 
of nickel-iron acquired a chondrite structure, while its central part, containing the appropriate amount of nickel, 
acquired Widmanstatten structure. The presence of metamorphic structures in meteorites indicates, as has already 
been mentioned, that heating processes occurred in the asteroids before their disruption. 

All this points to the complexity of the thermal history of the asteroids which has recently been reviewed in 
the work of Jacobs and Allen [23]. 

It should be recalled that some meteorites have cataclastic or brecciated structure. This indicates that 
during the process of formation of meteorites fragmentation and accretion took place. 

In the present paper attention has been given to what the author regards as the main points, and many problems 
have not been touched upon. 

An important role in the solution of the problem of origin of meteorites is played by the determination of the 
ages of different types of meteorites. However, at present we can speak definitely only of the maximum age of 
meteoritic matter which, according to the latest determinations, is about 4,8 billion years. Investigation of the 
physical properties of meteorites, their density, porosity, thermal conductivity, etc., is also of great importance 
for the general problem. 

The content of minor constituents in meteorites was not touched upon because of the lack of systematic data 
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on the subject, although it is clear that the distribution of different elements in meteorites may characterize 
different stages in the history of meteoritic matter. For example, the variable content of platinum in iron mete - 
orites is determined, evidently, by the stage of differentiation of the proto-asteroidal matter (just as is the content 
of nickel). The content of gallium, on the other hand, is related in some way to the structure of iron meteorites, 
i.e., to the processes which had taken place within the asteroids, and the amount of helium in iron meteorites was 
determined to some extent by nuclear reactions initiated by cosmic radiation after the breaking up of the asteroids 
into smaJl fragments. 


The development of a final theory of the origin of meteorites requires not only the data on their composition, 
but also a consideration of the astronomical ideas on this subject — a problem for many investigators. 


SUMMARY 


A synthesis of data on the chemical composition of meteorites revealed a number of regularities leading to 
the separation of meteorites into five groups according to the composition of the metallic and silicate phases,and 
into six subclasses, according to the proportion of each phase in a given group, according to the relation between 
the composition and the amount of each phase in the individual subclasses of different groups (Prior's “group” re- 
gularity), according to the relation between composition and the content of each phase in different groups as a 
whole (Prior's "primary" regularity), and according to the regular variation of the elemental composition in different 
groups of meteorites. 


Ananalysis of these regularities leads to the conclusion that meteoritic matter in its evolution underwent 
chemical differentiation, followed by separation into individual bodies (asteroids) and by further differentiation 
of the phases within each asteroid. 


The mineralogical composition and structure of meteorites confirm the hypothesis of their formation from 
separate large layered bodies. Comparison of structural characteristics of different subclasses of meteorites has 
led to certain hypotheses concerning the thermal history of the asteroids which explain these characteristics. 


The main results and conclusions of this work have been critically compared with the data obtained by other 
authors. 
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A SUPPLEMENT TO THE GENERAL CATALOGUE OF ABSOLUTE 
BRIGHTNESSES OF COMETS. COMETS OF 1947-1954 


T. V. Vodop'ianova 


The absolute magnitudes Hy) and photometric characteristics H, and y = 2.5 n for 
716 apparitions of comets during 1947-1954 are given (Table 1). These values were de- 
termined mainly by the method which S. K. Vsekhsviatskii and V. P. Konopleva used 
in the four earlier sections of the "General Catalogue of Absolute Brightnesses of Comets” 
RAP 


A general analysis is made of the collected estimates of cometary brightnesses. 
The determinations.of the characteristic y = 2.5n are compared with the mean law of 
cometary brightness y = 10, which was established by Vsekhsviatskii. 


The absolute brightnesses of the last and first apparitions of 27 periodic comets in 
the list are compared; also those of the last two consecutive apparitions (Table 2). In 
the first case the absolute brightness of 23 comets decreased within the limits 6'"9 to 
0™6; in the second case that of 18 comets decreased by from 26 to 0.™4, 


Cases are discussed in which the absolute brightness of individual comets increased; 
preliminary explanations are given, of which the most likely is a direct connection between 
a sudden increase of absolute cometary brightness and an increase of solar activity. 


The mean decrease of absolute brightness, Au}, » per return of each comet of list 2 
is given. The distribution of AH}, as a function of the inclination i and perihelion distance 
q shows that in general the disintegration of comets is not caused by proximity to the sun. 


The distribution of AH}, as a function of the number of returns shows that comets with this 
number not larger than 3 (i.e., discovered recently) have the highest value of AH}). 


The investigation of the absolute brightness of periodic comets confirms the fact, 
established by Vsekhsviatskii in 1933, that the absolute brightness of comets decreases at 
each successive return, which means that the comets are disintegrating. 


1. The present article is supplement V to the "General Catalogue of Absolute Cometary Brightnesses” of 
Vsekhsviatskii [1] and is a direct continuation of supplement IV, which was compiled by A. P. Konopleva [2]. In 
order to obtain statistical data for all comets the method of determining their absolute brightnesses and photometric 
characteristics employed by earlier writers was followed without essential changes. 


From 1947 to 1954, 76 apparitions of comets were studied. Preliminary results for their absolute brightness 
Hy) and photometric characteristics Hy and y have already been published in brief summaries [3]. The data were 
published earlier only for the repeatedly observed comet of Oterma (1942 VII-1950 III) in connection with its 
perihelion passage in 1950, 


Vsekhsviatskii began to collect observations of cometary brightnesses for the given period and this work was 
continued by the present author. Data on brightness and photometric observations were collected from circulars of 
the International Astronomical Union, from Astronomical Circulars of the Academy of Sciences of the USSR and 
from the following journals and publications of various observatories; M.N., Astr. J., Lick Obs. Bul,,Obs., Pop. Astr., 
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P. A. S. P., J. B. A. A., A.N., H. A. C., J. des Obs., B.A., B.S. A. F., T. A. B., Publ. Kiev Astr . Obs., etc. 


Asfar as possible we used all published values of the integrated brightnesses of comets for a given apparition. 
The magnitudes of comparison stars whenever indicated by observers were reduced to the international scale of 
stellar magnitudes; we used the reduction tables given in Ref.[4]. 


2. The study of 20 comets of the last period, 1953-1954, as well as of Oterma's comet was begun two years 
after the publication of the absolute brightnesses of the comets in the period 1947-1952. It then appeared necessary 
to review the absolute brightnesses Hy) and photometric characteristics Hy and y for 1947-1952, especially because 
during this period new observations were published for many comets (Beyer, van Biesbroeck and Boyer). We naturally 
included the new data together with previous observations in order to have a more complete picture of the variation 
of cometary brightness so as to provide a more exact determination of the absolute brightness Hy) and characteristic 


y= 2.5n. The characteristic H, is fully reliable only when determined from values of the brightness obtained for 
t@ 1 AU independently of their number. 


In the course of the work it was found that the combination of photometric visual values obtained with weak 
magnification and photographic values, especially those obtained with large instruments, distorts the value y=2.5n 
and also increases the absolute brightness Hyp. 


The photographic brightness is usually below the visual value by 2-3™ since the photographic image of a 
comet contains mainly the central part of the head (central condenstion or nucleus) and does not include the entire 
radiation from the diffuse coma, whereas the extrafocal visual image of a comet combines the radiation from the 
entire head. Photographic values could not be reduced tovisual values on the basis of simultaneous comparisons, 
with few exceptions, because of insufficient observations. The correspondence of these values depends generally 
on the degree of diffuseness and condensation of the coma, its size and its color. 


For the majority of comets photographic observations with powerful instruments (Mount Hamilton, Mount 
Wilson, Mount Palomar, Mount Locke and Yerkes) usually include the initial and final (and sometimes both) periods 
of visibility of the comets before or after perihelion passage, when the comet becomes a telescopic object and can 
be observed only with large instruments. This excludes the possibility of reduction of observations of another period 
of the visibility even if this should appear desirable. 


However these observations are extremely important since they increase the arc of the orbit which is spanned 
by the observations. Therefore these values, which were clearly too low, were used in some instances without intro~ 
ducing arbitrary corrections when they did not deviate too much from the curve of cometary brightness determined 
by visual observations. These deviations are smallest for the stellar appearance of a comet. The insufficient data 
for a number of comets, especially those of 1953-1954, limited the strict selection of observations, especially for 
the initial and final periods of visibility. 


For telescopic comets we could only use photographic observations with large instruments; therefore, in view 
of the above, we can assume that for the majority the absolute brightness Hy) was too large. In some instances, 
when comparable series of observations revealed a systematic divergence in the values given by two observers, these 
values were reduced to the observations of the observer whose data were in better agreement with the mean bright- 


ness curve. 


3. The photometric characteristics for 76 apparitions are given in Table 1, which was compiled similarly to 
the tables in the earlier reports [3]. This table contains; 1) the serial number; 2) the name of the comet; 
3) the number of observations included; 4) Hypo, the absolute brightness for the apparition; 5) and 6) Hy and 
Hyo', the absolute brightnesses before and after perihelion passage; 7) and 8) the photometric characteristics H 
and y; 9) hyo, the average absolute brightness of the nucleus or condensation, y = 2.6 n= 10; 10) log ry and 
log ro, the logarithms of the cometary radius vector for the intial and final dates of observation, The comets are 


placed in the order of their perihelion passage. 

Of the 76 comets in the list,45 are rediscovered comets. Of these 13 are short~-period comets (with a period 
< 12 years) and 32 have almost parabolic orbits; in addition, two comets which were discovered as new, proved 
to be short-period comets that had been regarded as lost; these were the Tuttle-Giacobini comet redicovered by 
Kresak, which had not been observed since 1907, and Wolf 2, which had not been observed since its discovery in 
1924 and was rediscovered by Harrington in 1951. 29 comets are second apparitions of periodic comets, including 


27 of the short-period type (period < 12 years). 
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AB aL 


No ie 
N Name of comet [ee Hy, | 7 (.| HS 
{| 1947 I Bester 41| 49 amg] 53 
2| 1947 If (Grigg—Skjellerup) | 21)13.4/13.8}13.2 
3} 1947 IIf Beévar 15|10.5}40.5} — 
4} 1947 LV Rondonina—Bester | 24) 8.5} 8.8] 8.3 
5| 1947 V Bester A als Nl eat 0) (ls Se 
6| 1947 VI Wirtanen 27| 8.5} 6.6} 8.6 
7| 1947 VIL (Reinmuthe) 34/10.4| — |10.4 
8] 1947 VIIL Wirtanen V2 48 =e 
9| 1947 1X (Faye) 30/44 .4/14.4)44.4 
10| 1947 X Honda 8/10.0) 9.8)10.2 
41} 1947 XI (Encke) 98}10.3}10.3) — 
12| 1947 XII “Bright” ye (4) —=34l| Wo 7 
13] 1947 XIII (Wirtanen) SpA ee [les 
14| 1948 I Bester 223) 6.7) 5.6] 6.8 
15] 1948 II Mrkos Sli 74) Ta3h 720 
16| 1948 III Johnson LA aA Ay aden | EUs 
17| 1948 IV Honda—Bernasconi}123] 7.9} — | 7.9 
18] 1948 V PajduSakova —Mrkos|178] 4.9} 4.8] 4.9 
19| 1948 VI (Whipple) 18]10.0/10.9] 9.4 
20| 1948 VII (Schwassmann — | 19/10.6/14.4)10.4 
Wachmannoe) 
21 | 1948 VIII (Forbes) 10}/13.3/13.8}12.1 
22| 1948 1X (Ashbrook-Jackson)}| 49} 7:3} 6.8} 7.6 
23! 1948 X Bester ANE eres, es | hae 
24| 1948 XI “Southern” Goin ree le eere 
25} 1948 XII (Honda— Pajdusa- 16/122 5))—= 1205 
kova—Mrkos) 
26| 1948 XJIIT (Neujmin,) 7\42.0/42.0) — 
27} 1949 I Wirtanen Zao | ei Oe 
28| 1949 II (Johnson) 69.6) 925), 958 
29| 1949 111 (Wilson—Harring-| 2/17.4)| — |17.4 
ton) 
30] 1949 IV Bappu—Bok—New-] 82] 7.0] 7.0} 7.2 
kirk) 
31] 1949 V (Vaisala) GMS Sa SEA 
32] 1949 VI (Shajn— Shaldach) | 33] 7.9} 7.9] 8.4 
33 | 1950 I Johnson 04| 6.0} 5.5] 6.6 
34] 1950 If (D’ Arrest) 23/11 .7/14.8)411.4 
35] 1950 IIT (Oterma) 03} 8.2] 8.2) 8.4 
36] 1950 1V (Reinmuth)) - 4\12.4|12.4| — 
37] 1950 V (Daniel) 16/12.8}12.8/12.8 
38} 1950 VI (Wolf,) 7/13.2113.2]13.2 
39] 1950 VII (Arend— Rigaux) | 26)14.7| — |11.7 
40] 1954 I Minkovski 841) 4.0] 3.8] 4.5 
41 | 1954 II PajduSakova BVA eA I a4 
42) 1954 III (Encke) 38/10 .8)10.8)/41.6 
43] 1951 IV (Tuttle—Giacobi- | 46/11.9)414.8/41.9 
ni—Kresak) 
44} 1951 V (Neujmins) 6]13.7/12.5}13.9 
45 | 1951 VI (Pons-—Winnecke) 7/14.4)14.215.2 
46 | 1954. VII (Kopff) 15}10.6/41.9} 8.0 
47} 1951 VIII (Tempel.) (WANG SY ay Sis 
48 | 1951 IX (Harrington —Wil-| 11/12.7| — [12.7 
son) 
49} 1954 X (Arend) 24/11 8/44 .6/12.2 
50} 1952 Sty ee 36] 9.0] 9.0} 9.0 
54] 1952 11 (Wolfs) 19}10.7/10.6)10.9 
921 1952 iT (Schaumasse) 85| 8.8] 9.7] 8.3 
93] 1952 IV (Grigg—Skjellerup)| 8/13.4/13.4| — 
04] 1952 V Mrkos 50} 8.5] 7.8] 9.0 
50] 1952 VI Peltier 70] 9.4) 9.3] 9.0 
06 | 1952 VII (Camas—Sola) 37| 8.8! 9.3] 8.7 
07 | 1952 e Harrington (AIsO26| i 7e3lmone 
58 | 1952 £ Mrkos 19|°38.91"8. 5) 9.9 
59} 1953 a Mrkos—Honda 75} 8.4] 8.0} 8.3 
60} 1954 b (Borrelly) oj12.7| — 112.7 


Hy y Rio | log ry, log rp 
9m3 | 15.9 | — |0.421-0.381—0.800 
AS 4 Ase on = 102013 =O eo teed 6) 
10.6 as (jh ee ().063—9. 986 
8.6 O51) ==) OMS 937/54 OF 344 
— — — |0:151—0)147—0.232 
(4.7) | (16.4)} — | 0.451—0.706 
(8.2) | (17.5) /t4m7]-0.271—-0.364 
4.4 9.9 0.690 —0.980 
10.4 | 13.6 | — |0.286—0.220—0.376 
(10.5)| (16.4)| — |9.876—9.872—0.157 
LORS 9.9 |14.6 0.266—9.545 
He OM edith: O 9 .433—0.134 
= — — 0.231—0.308 
6.6 8.3 | 10.0/0.398—9.876—0. 689 
8.3 6.9 | 9.3/0.232—0.176—0.644 
ae pe 0.686—0.703 
TAS A2F TAZ eS 9.802—0.539 
42) \41.8) 4) 9% <310:850==0,323=—02822 
= ee — |0.5149—0.396—0. 451 
= O42 — Oi Oncor: 
— — — |0.296—0.190—0.194 
= — 8. 410.369—0.365--0 .529 
(564) | (17.9)) — |] 0.435—0.339 
4.8 9.5 | — 9 .606—0. 486 
(13.7)| (24.4)| — | 9.815—0.144 
(13.3)| (5.4)| — | 0.463—0.192 
Hao) elOvon le == 0'o96=—0 404 ——Oncoe 
(7.9) | (44.8)| — 0.354—0.353—0.360 
= — — 0.042—0.047 
6.7 | 11.0 | 8.9/0.3983—0.314—0.743 
(10.9) (16/7) — 0.254—0. 436 
a —: a 0..375—0).362 
Af ilelositele 10 )00—O:40/—Onsee 
1083>)| or Oe 30H 700402202443 
— — =. 10'645-—0:584—0 5656 
= — 0.462—0.439 
Shi Dea On Gl ea 0.166—0.383 
— — — 10;411—0:3938—0. 407 
(6.5) | (35.6)| 12.8]  0.148—0.300 
Dros || waar) || eaeuos maar 0) 7/410) 0) AI. 
eevee ll = 0.860—0.612 
11.0 | 11.0 | 12.8]0.340—9.579—0 .046 
10.4 3.2 |15.0]0.054—0.048—0.189 
— — = 10!310=0)308=079395 
A 2 Gal Sad ==s | Al—O1065=— Omnis 
(3.1) | (39.6)| — 10.374—0.175—0.186 
(8.0) | (25.4)} — |0.438—0.144—0.158 
= = = O.2738=0,2856 
= = 0.269—0.260—0.356 
9.0 | 10.4 10. 5|0.428—9.871—0 .142 
— — =O 0a OOO Om2arT 
(7.1) | (22.2)| 13. 2|0.251—0.078—0. 284 
13.4 Wits tf = 9 .946—0.036 
— — | 12°210.1497—0109—0.208 
(8.6) | (19.5)) 13.3/0.101—0.081—0. 208 
8.6 | 12.5 0.587—0.248—0 . 496 
(2.1) | (27.0) 0.388—0.148—0. 442 
retest) “labo! 0.067—9.976—0 .397 
(aot el6eS 0.404 —0.010—0.301 


0.442—0. 466 


TABLE 1 (continued) 


No 
Ne | Name of comet fo Hy»| Hy |Ht | Hy ay bio | logr, logrs 
bs 

61] 1953 b (Brooks,) 19143), 7)13.,.5113.7) 43.6 | 10.3 0.283—0.272—0.381 
62} 1953 e (Harrington) 19 |14.8]14.1/15.2 0.239—0.228—0 .267 
63) 1953 i (Finlay) 10 ]11.6)42.7/41.3 (10. 7) (17. D) 0.020—0.016—0.217 
64] 1954 c Harrington 6 }41.7] — |41.7 0.4438—0.518 

65} 1953 h PajduSakova 12/44.4141.4] — |] 44.6] 4.4 0.164—9 .891 

66 | 1904 a (Honda—Mrkos—Paj-| 26 |12.1/10.7/13.3] (15.4)] (28.7) 9.762—9 .745—0.064 

duSakova) 

67| 1954 i (Van Biesbroeck) 3/10.4) — |10.4) — = 0.462—0.554 

68} 1953 d (Reinmuth,) 6 (12..2)42.2) — | 13.0] 8.3 0.445—0.357 

69] 1953 ¢ (Pons—Brooks) 81) 6.4) 6.4) 5.2] 5.7 | 44.8 | — |0.652—9.977—9.982 
70} 1954 £ Vozarova AV cSt tol daar eos |= 0.112—0.266 

71} 1955 b Abell 3} 4.8) — | 4.8) — — |— 0.743—0.744 

72} 1953 f (Encke) 6 112-9)12.9)— | 13.6 | 8.5) — 0.529—0.362 

73 | 1953 g Abell GLO. 2iOn2) =| 6. 1) 298 fa) 0.580—9.994 

74] 1954 } (Wirtanen) 345.0} — |45.0) — — |— 0.226—0.252 

75} 1954 d (Kresak—Peltier) 18| 9.3) 9.2/11.0) 8.6 | 17:7 | — |0.145—9.985—0.107 
76 | 1955 a (Harrington —Abell)} 1 [13.9] — [13.9} — — |— 0.300 


The absolute brightnesses Hyp of all comets in Table 1 are within the limits 4M0 to 150, The largest 
absolute brightnesses are those of comets 1951 I (Minkovskii , Hy) = 4™0), 1947 VIII (Wirtanen, Hy = 4™3), 
1948 XI ("Southern", Hy) = 4!"'7), and the faintest comets are Wirtanen's periodic comet in both apparitions (for 
1947 Hy) = 14174 and for 1954 Hy) = 15!™0) and Harrington's periodic comet of 1953e (Hy = 14™8). The data for 
the Wilson-Harrington comet 1949 III, on the basis of which its absolute brightness was determined as Hy) = 174, 
cannot be regarded as reliable. 


4, For 24 apparitions out of the observed 76 the characteristic of brightness variation y = 2.5 n could not 
be determined because of the small variation of log r. 


For 16 apparitions y was determined with uncertainty or showed a large deviation from the average value 
y = 10. These deviations can be attributed tos; 1) The small number of observations [1947 X (Honda), 1948 VIII 
(Forbes), 1948 X (Bester), 1948 XIII (Neujmin 1), 1949 V (Vaisala), 1951 VIII (Tempel 2)]; 2) insufficiently large 
variation of log r[1947 VII (Reinmuth 2), 1949 II (Johnson)]; 3) difference in the type of observation [1947 VI 
(Wirtanen), 1951 VIII (Tempel 2), 1950 VII (Arend-Rigaud), 1951 VII (Kopff)]; 4) nonuniformity of the values 
depending on the appearance of the comet, especially for comets with a large diffuse coma [1952 III (sehanniaste): 
1952e (Harrington)] or pale nebulous spot, (both apparitions of the periodic comet of Honda~Mrkos- -Pajdusakova). 
The large deviation of y from its average value y = 10 for 1952 VI (Peltier) evidently results from the observed 
fluctuations of brightness associated with changes of its appearance. 


However, these four possible reasons for the large deviation of y from its average value are not strictly 
separated and the division of comets into four groups is only a rough approximation according to their principal 


characteristic. 


The large deviation of y from the average (y = 10) for the Schaumasse comet, which can be attributed to 
nonuniform values resulting from its appearance, cannot be associated with the observed “flare-up” of its bright- 


ness which will be discussed below. 


In our review of previously published characteristics y, and Hyp for some comets of 1947-1952 we used 
the visual observations of Beyer. These showed only poor agreement with photographic observations, especially 
with those obtained by means of powerful instruments. In some instances the discrepancy amounted to 4™, In 
order to reduce the effect on Hy) and y some of these observations were not used even at the expense of reducing 
the arc of the orbit which was spanned by observations. For the majority of cases under consideration these values 


were determined mainly from the extrafocal visual data of Beyer. 


deviated less from its average value y = 10 as less use was made of photographic observations 


In general 
5 . this does not mean that in each instance the deviation from the average 


obtained with large instruments. However, 
results only from unreliability of the data. 
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The characteristic y which is determined from observations is an index of the state of a comet in the given 
segment of its orbit. Since a comet is usually observed in proximity to the sun, when we can expect the most 
intense solar influence on the processes in the comet itself, y can have different values in different comets. There - 
fore, when a comet is observed along a large arc of its orbit, as it recedes from the sun,the deviations of y from its 
average are smoothed out so that it approaches y = 10, as had been established for many comets, This mean law 
of cometary brightness was established by Vsekhsviatskii in 1925 and has been confirmed in a number of his later 
articles, 


In the case of the 36 apparitions metnioned above for which the observations were reliable and for which 
the variation of log r is > 0.15, y assumes values from 3.2 (1951 IV) to 17.7 (1954d). For this group the average 
value is yay = 11.0 + 0.5. 


The average value of y for all periodic comets in the group under consideration is yay = 11.3 and for para- 
bolic comets yay = 10.8. 


5. Of the 44 apparitions of periodic comets in Table 1,27 are returns. 25 out of the 27 are short-period 
comets with a period < 12 years and 2 are periodic with a period > 12 years; the latter are Neujmin 1 and the 
Pons-Brooks comet. 


The study of the variation of absolute brightness Hyo in different apparitions is not within the scope of the 
present investigation. However, it was of interest to determine this variation at least by comparison with the next- 
to-last and the first apparition. The results of these comparisons are given in Table 2, which containss1) the order 
of perihelion passage; 2) the name of the periodic comet; 3) and 4) the year of perihelion passage and the ab- 
solute brightness Hy) for the last apparition, 5) and 6) the year of perihelion passage and the absolute brightness 
Hyo for the preceding apparition, 7) the absolute brightness difference between the last and preceding apparitions, 
AHj; 8) and 9) the year of passage through the perihelion and the absolute brightness Hyg for the first apparition; 
10) the absolute brightness difference between the last and first apparitions, AHyo; 12) the period in years; 13) the 
number of observed returns; 14) the decrease of absolute brightness per cycle in stellar magnitudes, AH}). 


Comparison of absolute brightnesses in the last and first apparitions of 23 comets of the list showed a decrease 
of absolute brightness for individual comets varying from 69 (the Faye comet) to 0M6 (the comets of Wirtanen 
and Tuttle-Giacobini-Kresak). Exceptions were the comets of Schaumasse, Honda-Mrkos-PajduSakova, Wolf 2 and 
Comas-Sold. . 


In its last apparition, in 1952, the Schaumasse comet after its perihelion passage was in a state of heightened 
activity,as shown by observations of its brightness and appearance. Its absolute brightness increased by 15 com- 
pared with its first apparition in 1911. 


The comet of Honda~Mrkos-PajduSakova, which has been observed only twice, revealed an increase of absolute 
brightness by 0!4 at its last apparition. However it must be noted that in the first apparition of 1948 the comet 
was observed two weaks after perihelion passage and its diffuse appearance must have affected the accuracy of 
observations of its brightness by different observers, of whom there were only a small number. During its second 
apparition, in 1954, it was observed at the time of perihelion passage and although it retained the appearance of a 
diffuse nebulosity,it was observed for four months during which its brightness was determined many times. 


Comet Wolf 2 in its first apparition in 1924 was discovered by Wolf on a plate in the form of a small nebulous 
object, of 16™ according to Przhibilskii [5], 19 days before perihelion passage (T = 1925, Jan. 10.96). Becoming 
fainter rapidly, it was a difficult object to observe and was observed practically for only a month, up to January 23, 
1925, although it was found for the last time by van Biesbroeck on a plate of February 14, 1925. 


The comet was not found during its next three returns in 1931, 1938 and 1944. In 1951 it was discovered by 
Harrington as a new comet and only later was identified by Cunningham as the lost comet Wolf 2. In the last 
apparition the conditions for observation were more favorable than at the first apparition and it was. observed for 
6 “i; months before and after perihelion passage, At the beginning and end of its period of visibility it was observed 
with large instruments and, because of its diffuse appearance ,the estimates of its brightness at those times are too 
low. Thus, the increase of absolute brightness of comet Wolf 2 at its last apparition can be regarded as real, at 
least in virtue of the very fact of its independent discovery. 


The small increase of absolute brightness of comet Comas-Sol’ at its last apparition of 1952 (02) can be 
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most readily explained by the different kinds of measurements used at the two apparitions and also by the omission 


of a number of photographic measurements obtained with large instruments when Hyo was determined at the last 
apparition. 


TABLE 2 
: “Tei a 
Last appa-| Preceding First lied ec: 
tition apparition apparition « ty oF 
" : = ARE 
M| Name of comet |¢s iS 6 Ailolwe 
Ba 7G bo Galt © oF eS? 
mod He | ..9 | Ho | AH» |SBOH, | an® |) a |] o | 
ny Cog sag "lel o/se 
pe allan saa, 2 |2ja4 
1 | Faye 1947) 11471) 1940 | 1075|+076 |1843| 4™2 |46™9| 7.4) 14]4.0.49 
2 | Whipple 1948) 10.0} 1944 | 9.6/+0.4|1933} 8.0 |+2.0] 7.5] 2|44.00 
3 | Schwassmann — | 1948] 10.6] 1942 | 8.9/4+-1.7/1929) 7.5 |43.1]| 6.4! 3 +4.03 
Wachmanns ; 
4 | Forbes 1948} 13.3) 1942 )12.7/+ 0.6 |1929) 11.4 | 44.9] 6.4] 3140.63 
5 | Neujmin, 1948] 12.0} 1931 |10.5|+4 1.5 1913) 10.3 | 44.7 |17.7| 2140.85 
6 | Vaisala 1949) 13.4] 1939 |12.0|+ 1.41939] 12.0 | 44.4 |10.6] 4/44.40 
7 | D’Arrest 1950) 14.7] 1943 |41.3)4+ 0.41854) 9.5 |42.2] 6.7/15)410.15 
8 | Reinmuth, 1950] 12.4] 1935 |44.7|+ 0.7 |1928] 10.2 | +2.2| 7.2) 3/40.73 
9 | Daniel 1950} 12.8] 1943 |13.7|—0.9|1909} 9.5 |+3.3] 6.8) 6/+0.55 
10 | Wolf, 1950) 13.2] 1942 |13.6|—0.4 |1884) 7.6 |+5.6] 8.3) 9|+0.62 
14 | Tuttle—Giacobi- | 1951) 41.9} 1907 |12.3|— 0.4 |1858) 14.3 | 10.6] 5.5/17/40.04 
ni—Kresak teil 
12 | Neujming 1954] 13.7] 1929 |10.8|+ 2.9 |1929] 10.8 | +2.9/10.9] 2]41.45 
13 | Pons—Winnecke |1951) 14.1] 1945 [12.7/+ 1.4 |1819) 8.6 |+5.5] 6.2) 21 |+0.26 
14 | Kopff 1951} 10.6] 1945 | 9.3|4+ 4.3 /1906] 8.4 |+2.2| 6.6) 7|+0.34 
45 | Tempel, 1951] 11.9] 1946 |10.7/4 1.2 |1873] 9.4 |+2.8] 5.3)/15|40.19 
16 Woll, 4952] 40.7) 1924 {44 |—0.3|1924) 11 —0.3] 6.5} 4/—0.05 
17 | Schaumasse 1952) 8:8) 1943 |412.0|—3.2 1944) 10.3 | —41.5) 8.2) 5/—0.30 
18 | Comas—Sola 1952) 8.8| 1944 | 9.38)—0.5)1927; 9.0 |—0.2| 8.5) 3|—0.07 
19 | Grigg—Skjellerup | 1952} 13.4] 1947 |13.7|—0.3|1902| 9 +4.4] 4.9) 10|40.44 
20 | Borrelly 1953) 12.7] 1932 | 9.2|+3.5|1905} 9.0 |+3.7] 6.9) 7|4+0.53 
21 | Brookse 1953) 13.7] 1946 | 41.4 |+ 2.6 1889} 7.3 |+6.4] 7.0! 9/+0.74 
22 | Finlay 4953) 11.6] 1926 |412.7|—1.1 |1886). 9.2 | 42.4] 6.8) 10|+0.24 
23 | Honda—Mrkos— | 1954! 12.4) 1948 |12.5|—0.4|1948) 12.5 | 0.4] 5.0] 1/—0.40 
Pajdusakova . 
24 | Reinmuth, 1954) 12.2] 1947 |10.4/+ 1.8 |1947| 10.4 |+4.8] 6.6] 4|44.80 
25 | Pons— Brooks 1954) 6.4 |1883/84) 4.9}/4+4.5|1842| 4.2 |42.2/71.4) 2/41.10 
26 | Encke 1954) 12.9] 1954 |11.3]/4.1.6|1786) 9.9 | 4+-3.9] 3.3) 54 |+0.00 
27 | Wirtanen 1954] 15.0] 1947 |14.4]+4 0.6 |1947| 14.4 |+0.6] 7.2] 1/+0.68 


Table 2 also compares the absolute brightnesses for the last two apparitions of various comets. 18 comets 
revealed a decrease of absolute brightness varying from 2™6 ( comet Brooks 2) to 04 (comets Whipple and 
D’Arrest). The Borrelly comet, which was not observed in its two previous returns of 1946 and 1939, decreased in 
absolute brightness by 3!75 compared with 1932. 


On the other hand, the following comets showed an increase of absolute brightness as against a general de- 
crease from apparition to apparition; Comets Schaumasse (by 3MQ), Daniel (by 0!"9), Comas-Sold (by 05), 
Wolf 1 (by 0!4) and Grigg-Skjellerup (by 03). 

The Finlay comet, which was not observed in three returns, showed an increase in absolute brightness by 


1™1 compared with 1926; the Tuttle -~Giacobini comet, which was not observed since 1907 and was rediscovered 
. Kresak, increased in absolute brightness by 0™3 compared with 1907; the Honda-Mrkos-Pajdu¥akova and Wolf 2 


comets have been discussed above. 


In this group special mention must be made of the Schaumasse comet. Its absolute brightness since its discovery 
in 1911 decreased in one cycle by 1™7 (in 1943), but in its last apparition of 1952 increased by 32, which was 


thus 1™5 above the first apparition of 1911. 


The observed fluctuations of brightness of the returning comet Schwassmann-WachmannI, which were of varying 
duration and amounted to 3-5™, give an idea of the possible flare-up of comets in general, The extraordinary 
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flare-up of the short-period Holmes comet was followed by its disappearance. Therefore the increase in absolute 
brightness of the comets mentioned above can be regarded as real for the majority of them, especially for the 
Schaumasse comet and for the three comets which can be regarded as lost; Comets Finlay, Tuttle-Giacobini and 
Wolf 2. 


In general for cases of small variations of absolute brightness from apparition to apparition, attention must 
be paid to the effect of changes in the visibility conditions and in the relation of the period of observation to the 
perihelion passage, as well as to the effect of different kinds of measurements and their errors in determining H4o 
for individual apparitions, which especially affects a small number of observations. 


6. In connection with the arguments of N. F, Bobrovnikov [6] against the reality of the decrease in absolute 
brightness of comet Wolf 1 as given by Vsekhsviatskii [7] the results for this comet in Table 2 require more care - 
ful study, From Vsekhsviatskii’s comparison [7] of the absolute brightness of comet Wolf 1 at its tenth apparition 
in 1950 and first apparition in 1884,the decrease in absolute brightness in nine returns amounts to 5™6. The average 
decrease per return is thus 06. 


However, from the absolute brightnesses in the last two retums, in 1950 and 1942, we obtain an increase of 
0™4 for 1950. Vsekhsviatskii [7] determined the absolute brightness in 1942. Cunningham [8] obtained the same 
results qualitatively. The increase in absolute brightness in the last (tenth) return can be regarded as a second 
“flare-up” within the pattern of general fading since the discovery of the comet in 1884. The first “flare-up” was 
noticed by Vsekhsviatskii during the sixth return in 1918[7]. The decrease in the absolute brightness of comet 
Wolf 1 follows from the given comparison of the absolute brightness at the last and first apparition and from a com- 
parison of the difference, AHi9", with the results obtained fromthe other 26 comets listed in Table 2. Comet Wolf 1 
shows one of the largest values for this difference, 


The attrition of the comet is also evident from a comparison of direct brightness observations and its super- 
ficial appearance at its first and last two apparitions [7, 9]. Therefore the observation of its appearance and the 
evaluation of its brightness during its next (eleventh) return in 1958 will be important in providing information 
regarding the evolution of this comet and regarding short-period comets generally. The same applies to the 
other short-period comets which showed increased absolute brightness at their last returns; these are the comets 
Schaumasse, Finlay, Daniel and Grigg-Skjellerup. Besides the causes mentioned above for the increased absolute 
brightness of short-period comets, solar corpuscular currents are evidently a cause of unexpected significant "flare- 
ups.” 


In any event, these sudden increases in brightness are most probably directly related to enhanced solar activity. 


S. V. Orlov [10] and S. K. Vsekhsviatskii [11] were among the first to note this fact, which was confirmed by the 
investigations of Hoffmeister [12], Martynov [13], Dobrovol'skii [14], Richter [15], Beyer [16], Konopleva [17], 

Chere dnichenko [18] and others, Therefore the fact that the increased absolute brightness of Comet Wolf 1 occurred 
at about the time of maximum solar activity in 1918 and 1950 is not a result of chance. 


it The average decrease of absolute brightness per return for each comet in the list, Au}, was obtained by 
dividing AH", the absolute brightness decrease between the first and last apparitions,by the corresponding number 
of returns. Table 2 shows that for short-period comets AH}, has values between 0™04 (comet Tuttle -Giacobini- 
-Kresak) and 073 (comet Reinmuth 1). Larger values of AH}, ,exceeding the upper limit, of this eliscetDUt On. are 
obtainedfor. comets with a small number of returns; Comets Reinmuth 2 (AH}, = 1M), Vaisala (AHt) Soy 
Neujmin 3 (AH}, = 1™45) and Whipple (AH}, = 10). 


For two periodic comets with a period > 12 years we have AH = 085 for comet Neujmin 1 and 1™1 for 
comet Pons-Brooks. The average decrease in absolute brightness per return for 21 short-period comets is AHinay = 
= O62 O81. 


The distribution of AH}pas a function of inclination i did not reveal any dependence of AH}, on i, that is, 
the passage of comets through regions closer to the ecliptic does not accelerate their disintegration. 


The distribution of Au}, as a function of perihelion distance q showed no increase of AH}) with decreasing q. 
On the contrary, this distribution shows the probability of large AH}, for large q, although for q from 1 to 2 AU 
equal values of AH are generally probable. 


Comet Encke is a special case; for the smallest distance, q= 0.3 AU, it shows one of the smallest values 


906 


Sh maorpiel 
AHjy = 02708. Comet Pons-Brooks at q = 0.77 has one of the largest values, AH}, =A, 


; The correlation coefficient which characterizes the relation between AH}, and perihelion distance is quite 
arges r= 
ge: r= 0.69 + 0.07, However, the meagerness of the data prevents us from arriving at any definite conclusions. 


There are thus indications that, in general, the disintegration of cometary matter is not caused by proximity 
to the sun, but can evidently be stimulated by corpuscular flux from the sun in the form of coronal rays [19]. 
ee ording to the ideas of Vsekhsviatskii, which were confirmed by Nikol'skii [20], the density of the coronal rays 
can remain constant at a considerable distance from the sun and their direction is not affected by closeness to the 
partic. This last fact can be related to the indicated absence of any dependence of brightmess decrease per return, 
AHjp , on small values of i, the inclination of the cometary orbit to the plane of the ecliptic, as well as on small 


values of q, the perihelion distance, and thus confirms the important role of corpuscular activity on the sun for 
processes that take place in comets. 


The distribution of AH}t) with respect to the number of returns revealed clearly three groups of comets. The 
first group contains 8 short-period comets with not more than 3 returns (recently discovered). This group is charac- 
terized by the largest values of AHi): from 0™6 (comets Wirtanen and Forbes) to 178, (comet Reinmuth 2). 

It also includes the periodic comets Neujmin 3 (AH}, = 085) and Pons-Brooks (Au}, SS 


From the fact that for the short-period comets discovered during the last two or three decades we find a 
predominantly greater decline of absolute brightness as compared with other comets observed at more than four 
returns, we can infer that the former are of recent origin. Their initially large quantities of matter were expended 
more rapidly during the first few cycles. 


The second group contains 7 comets with from 6 to 10 returns. For 5 comets of this group AH}) ranges from 
0744 (comet Grigg-Skjellerup) to 073 ( comet Brooks 2), this range being close to the average AHiay =O. 0G. 
The smallest values of AH}, for comets of this group were shown by comets Kopff (AHty = 0131) and Finlay 
(AH, = 0™24), 


The third group contains 6 comets with 14 or more returns. For five of these comets the absolute brightness 
decrease per return, AHip. did not exceed 0126 ( comet Pons-Winnecke), which is below the average, Altvay- 
This group is characterized by the smallest values of Au}, (comets Tuttle -Giacobini-Kresak, Encke, D'Arrest and 
Tempel 2). Comet Faye (Au}, = 0149) is an exception; its number of returns (14) observed up to 1947 is the 
smallest for this group. 


Any investigation of the variation of absolute brightness of individual short-period comets from return to 
return is outside the scope of the present article. This has already been done for the majority of the comets by 
Vsekhsviatskii [7, 21, 22], Konopleva [17, 23] and Cherednichenko [24]. However, a quick review of the evolution 
of some short-period comets with a large number of returns generally indicates that the first few returns are usually 
characterized by steeper fluctuations of absolute brightness and for some comets by "flare-ups"; thereafter the 
decline of absolute brightness becomes more gradual. Observations confirm the exhaustion of short-period comets 
after a few returns, as revealed by the weaker development of the coma, tail and intensity of observed radiation 


(comet Wolf 1). 


The brightness decrease of short-period comets depends not so much on their kinematic characteristics as 
on the individual peculiarities of their physical structure. In general this decrease is associated with the common 
features of the entire family of short-period comets. 


The special position of comet Pons-Brooks in the given distributions distinguishes it from the short-period 
comet group with respect to both orbital and physical characteristics. The evolution of this comet since its dis- 
covery in 1812 shows features in common with Halley's comet, which also belongs to Neptune's family; their 
characteristics of brightness fluctuations, the ability to form halos, envelopes, considerable absolute brightness 
reduction per return — all indicate intensive processes in the cometary nucleus. Therefore periodic comets with 
a period longer than 30 years must occupy 4 special position among periodic comets with respect to their structure. 


On the whole the study of the absolute brightnesses of periodic comets confirms Vsekhsviatskii's observation 
in 1933 that such comets disintegrate, showing a decrease in absolute brightness in successive returns. 
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A SPECIAL CASE OF THE GENERAL THREE-BODY PROBLEM 


M. A. Dirikis 


For a speciai case of the three-body problem, the nature of the motion is in- 
vestigated by means of the numerical integration of the differential equations of 
motion. Initially, the three bodies (for example ,three stars) are situated along a 
straight line, The values of the initial velocity are found for which 1) one star escapes 
from the system, 2) the system breaks up completely. The results are extended to the 
case where the masses and the initial separations can have any values. 


There exist in the literature several examples of the solution of special cases of the general three-body problem, 
i.e., the problem in which the motion of three bodies with comparable masses under the action of mutual attraction 
is investigated [1-6]. Numerical methods of integration are used for solving the differential equations of motion. 


E.. Stromgren, K. Bohlin, and other authors [1-5] were mainly interested in such cases from the point of view 
of mathematics and mechanics. O. Iu. Shmidt [6] gave his example to prove the possibility of capture in the general 
three-body problem. 


The aim of our paper is the investigation of the stability of multiple stellar systems. According to V, A. 
Ambartsumian's theory, stars originate in groups in extensive stellar aggregates — associations. It is assumed that 
such a group is unstable, i.e., it cannot exist for a long time. Such groups are observed as trapezoidal systems and 
as chains of stars [7, 8]. V.G. Fesenkov and D. A. Rozhkovskii [9] have proposed that the stellar chains are formed 
from nebular filaments consisting of gas and dust. At present, we cannot obtain sufficiently accurate information 
on the relative motions of the stars in these systems. To determine how these systems evolve, it is necessary to 
know extremely accurately the relative proper motions of the component stars, As yet, this is impossible in practice 
since the observations have been carried out during only a short interval of time. The radial velocities, also, are 
not always known. Only in the case of the Trapezium of Orion can we say with certainty that this system is actually 
breaking up [10]. 

Therefore, in order to determine the nature of the motion in multiple systems of the trapezium and chain 
types we have tumed to simple artificial examples. 


In the present paper we consider the case of a chain of three stars with equal masses. The initial conditions 
are chosen so that the separations (Fig. 1) ry, and ry3 are equal, The initial velocity of one of the stars is zero, 
V2 and V3, the velocities of the remaining stars, are equal in magnitude but opposite in direction and are per- 


pendicular to the line mym,m3. 
Att=0 
V2 = V3= Vo- 
Thus, we obtain a system of equations with one parameter Vo. The system can also be described by the 


constant total energy h: 


MMs 


b= 5 (mm,Vi + maV3 + maV3) — ("+ 


Mang 


+m) (1) 


ros T13 
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In our examples the following values were taken: 
masses M, = M, = mg = 1 (solar mass) (2) 
separations ry = f23 = 5000 AU j 
Substituting these values into (1), we have at t= 0 
h = Vo — 0.0005. 


Differential equations of motion in an absolute coordinate system were used to find the trajectories and the other 


% 


Fig. 1. Initial conditions. 


features of the motion of the three bodies considered. The origin of the coordinate system is at the center of mass 
of the system. In this case the equations of motion have the following form: 


OL reed ac ea 
i 3 Coie ai 
"io "3 
dy, _ ys M1 a Ys— Yr yr. 
atten 
rs rs 
Memes pes 
dt2 3 oe a? 
"53 "2 
dy, Ys — Ye 4 "= yi — Ye. 
diz 
35 ria 
Grea AN Cisne AOS os, 
dt2 3 3 a) 
. "13 "93 
dys _ Yi—Ya_ | "Y2— Ys 
dt? moe OL Fe 
13 23 


We have taken the unit of time as year/ 2m, so that Gauss's constant is equal to unity. 
This system of six differential equations of the second order has six unknowns: xq, yy, X2, Yo, Xg, and ys. 


To integrate the system we have used the method of quadratures. If we let . 


d*z 

he 
d*y, mee 
iia ae 


then 


we; (n) = 5 [wf (n— 5) + wf (n+ 5)|— 9, [vin 4) 4 
etl] leh o—§) teh oS] 
xi (n) = w?"f; (n) + 75 eh (n) — 55 fi (n) 1h wfir (n) — 


where wis the interval of integration. We obtain analogous expressions for ys we use the abbreviation fifa) for 
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the expression £9 (to+ nw). 


The integration interval W corresponding to the initial conditions (2) was usually taken equal to 20,000 time 
units (i.e., about 3183 years). Only when the velocities were high was the interval equal to 10,000 time units in 
order to decrease the influence of the high-order differences; on the other hand, when the separations of the 
bodies were large the interval was doubled, i.e., the value taken was w = 40,000. 


To start the integration several values of xj and y; were calculated for the time close to ty with the help of 
the Taylor series 


w= @4(0) + & 4(0)(t — to) +5 #1(0) (tty)? +..., 
yi = ys (0) + 9 (0) (tte) + 5H: (0) (—H)* +... 


The first terms in the summation columns are the following: 


wf ($) = wie (0) + 5 wf (0) + 4, wfiin (0) — Ab w°fn (0) Heo, 
w*" fs (0) = 24(0) — 75 wf (0) + 95 w°fi (0) — geez west (0) +... 


where, for example, we have used the abbreviation 
, , 1 , 1 
fim (0) = fi (— >) ot fi(+ x) : 
The calculations can be checked to some extent by using the following equations: 


LyYy — YL + Lo%z — Yol, + X33 — Yst3 = C (angular momentum integral), 


Wi 4 V3 + V3) — (— + au “+ =) =h (energy integral); 


Tyo T13 Pog 
moreover 


vy +%,+23,=0, 
Yr + Ye + ys = 9, 


etc., (we have similar expressions for the velocity components, as well as for the sums and differences of all orders). 
Unfortunately, these equations are not sufficient to check the calculations. 


From the start the calculations showed that the star mg, is bound least to the system. Therefore, it is interesting 
to investigate the motion of star mg relative to the center of mass of the system my—m,. This motion can be con- 
viently characterized by the quantity 1/a,3, where acs is the major semiaxis of the orbit about the center of mass 
of the system my—mbg. 


If 1/ a¢3 > 0, then the star mg remains in the system and its orbit is somewhat similar to an ellipse. 


If 1/ ac3 < 0, then the star mg escapes from the system and the orbit of the star as it moves away tends to a 
parabolic or hyperbolic shape. 


The equation determining 1/ acs is obtained from the well-known relation 


2 1 
V25 = k? (me, Le Msg) Fx —— os ’ 


c3 


where Vz is the velocity of the star relative to the center of mass of the system m4 m,, which is denoted by mg, 
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and fgg is the distance between the star ms and Mg. Since 


3 
Ves= Vos Tes = 9 Ta ke=1, m,=2, m; = 1, 
we find 
1 4 3 9 
ax Ge a 


Thus, our first problem is as follows; 


To determine the minimum value of the initial velocity Vy) for which the star mg escapes from the system 
of the stars my and my. In other words, to determine the value of Vo for which 


when the distance t¢3 becomes considerably greater than the distance ry, (approximately, tg = 5ryy). 


Wary 


—r * 20018 
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Fig. 2. The value of 1/ ag for various initial velocities 
Vy. Along the abscissa the time is plotted in 1000 time 
units, along the ordinate the value of 1/ a,,- 108 », 


For the first example we have taken 
Ty2 = Ig3 = 5000 AU 
m, = m, = 1 solar mass, (2) 


and Vy) = 0.020 AU per time unit, where 1 time unit = year/ 2m. 


At t= 1,360,000 it is clear that 1/ a, tends to a negative value which is approximately —15 - 10~6 and this 
undoubtedly corresponds to the escape of the body msg from the system, 


After this cAse, the values Vo = 0.018 and 0.019 were tried. The first of these was quickly rejected, but the 
second was used for calculating 1/ acs up to the time t = 1,200,000 (Fig. 2). 


By interpolation it was found that 1/ ag, = 0 corresponds to approximately Vp = 0.0195, or a little less, The 
calculations were then carried out with Vo = 0.0195 and Vp = 0.01949 up to t= 1,520,000. The tabulated values of 


1/ ac3 (Table 1) and the corresponding graphs (Fig. 3) show that the value Vo = 0.0195 is closest to the limit which 
interests us, 
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In Fig. 3 the vertical scale has been increased 10 times as compared with the scale in Fig. 2. 


TABLE1 
Values of 1/ ag, 


t | V_o=0.01949 | Vy =0.0195 | t V,=0 01949 V,=0.0195 

0 —18228.10-9| —18521.10-9 800 2a 506 
80-103 =< 7580 —~ 97862 880 + 45 —253 
160 4+- 3041 ota 154 960 +309 edd 
240 + 3014 | + 2714 | 1040 +4394 + 99 
320 ween cs HS! | 4120 +334 + 44 
400 — 2564 — 2865 4200 E225 iy 
480 —- 1520 = 1820 4280 +144 ==150 
560 = 254 =) 542 1360 +124 470 
640 1 48 = u075 1440 +166 ==io0 
720 AG — 506 | 1520 +238 =o 


As an example we will investigate the trajectories for the case Vo = 0.0195 


Fig. 4 gives the trajectories of all three 
bodies in an absolute coordinate system and Fig. 5 
Wn gives the trajectories in the coordinate system 
whose origin is placed at the center of mass of the 
bodies my and mg. 


The calculations are not restricted to the 
values of the masses and separations given by (2) 
because similar trajectories can be obtained using 
other masses and initial conditions if the following 
law of similarity is fulfilled. 


If X is the ratio of the separations and p is 
the ratio of the masses, then the ratio of the veloci- 
ties yp and the ratio of the times 7 (necessary to 
transform the system into some other similar 
system) are obtained from the equations 


Fig. 3. The same values are plotted here as in n 
Fig. 2 but the vertical scale has been expanded ici Vx (3) 


by a factor 10. The lower (open) circles give 
V/ acs for Vy = 0.0195, the upper (filled) circles 


d 
for Vp = 0.01949. iad 


v 


— Vu 3 

Using Equation (3), we have calculated the values of the initial velocity V» for the case when the masses 
and initial separations are different from those used in the above example (2); these values are given in Table 2. 

The values of the velocity Vp in kilometers per second are given in brackets, since 

1 AU/time unit = 29,767 km/sec. 

We now proceed to the second problem: 

To determine the minimum value of the initial velocity Vo for which the system breaks up completely. 

i a a er ee ee ee ee 


This problem is associated with an investigation of the relative motion of the bodies my and m,. The problem 
reduces to the determination of the minimum value of the initial velocity Vo for which the stars my and m, break 
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away from each other, In other words, we have to find the value of Vo for which 


oe = 0, 
a19 


when the stars are sufficiently far apart. 


In this case, the equation which determines 1/ ayy is the following: 


where 
wV 3g = (wa, — way)? + (wy, — Wye)’. 


The trial value of Vy chosen was Vg = 0.025, but it was found that this value of the velocity leads to a very 


“10s “5 Q eo) +0 xr 


Fig. 5, The same example as in Fig. 4, but 
‘in this case the motion represented relative 

to the center of mass of the stars my and m,, 
The center of mass is situated at the point mg. 


Fig. 4, The motion of the stars when the 


initial velocity Vy = 0.0195 in an absolute positive value of 1/ ay — about +100 - 10°°. The next 
coordinate system. The distances along the value of Vp) taken was 0.030 and, finally, 0.0285. The 
axes are in 1000 astronomical units. The results are given in Table 3 and the corresponding graphs 
circles represent the positions of the stars (Fig. 6) show that the value of the initial velocity which 
at intervals of 80,000 time units. is of interest is about 

Vo = 0.0287. 


Using Equation (3), we can obtain the values of the initial velocity for other initial conditions (Table 4), 
This table is analogous to Table 2. The values of the initial velocity in kilometers per second are given in 
brackets. 


As was stated above, the system investigated can also be characterized by the value of the constant total 
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TABLE 2 


Initial Velocity Vy for Which the Star mg Escapes 


Masses 


0,5 1 2 5 10 20 
Separations 
2000 AU 0.0218 0.0308 0.0436 | 0.0689 | 0.0975 | 0.1379 
(0.649) (0.918) (1.298) | (2.052) | (2.902) | (4.104) 
5000 AU 0.0138 0.0495 0.0276 | 0.0436 | 0.0617 | 0.0872 
(0.410) (0.580) (0.824) | (1.298) | (41.836) | (2.596) 
10000 AU ().0097 0.0438 0.0195 | 0.0308 | 0.0436 | 0.0617 
(0.290) (0.440) (0.580) | (0.948) | (4.298) | (4.836) 
0.4 ps =20626.5 AU] 0.0068 0.0096 0.0136 | 0.0215 | 0.0304 | 0.0429 
(0.202) (0.286) (0.404) | (0.639) | (0.904) | (4.278) 
0.2 ps 0.0048 0.0068 0.0096 | 0.0152 | 0.0215 | 0.0304 | 
(0.143) (0. 202) (0.286) | (0.452) | (0.639) | (0.904) 
0.5 ps 0.0030 0.0043 0.0064 | 0.0096 | 0.0136 | 0.0192 
(0.090) (0.128) (0.181) | (0.286) | (0.404) | (0.572) 
TABLE 3 
Values of 1/ ay 
t | V,=0.0°0 | V,==0.0285 | t | V_o=0.030 V,=0.0285 
0 —-50000-10-9] — 6425.40- 720 —36717 4.7995 
40-108 39898 ae yh 800 —37970 +7080 
80 22758 £19798 880 —38843 +9519 
120 —11172 4.31624 960 —39462 +5179 
160 — 6167 437122 1040 —39908 +5982 
200 — 5706 437992 1120 —40282 +5872 
240 = Bes 36034 1200 —40474 +5822 
320 —15313 428653 1280 — 40648 +5808 
400 —22652 421,193 1360 —40781 +5819 
480 —28276 415590 1440 —408 +5644 
560 —32215 411850 1520 —40956 45 
640 — 34895 4+ 9474 
TABLE 4 
Initial Velocity Vo for Which the System Breaks Up 
Se Masses 
7 0,5 l 2 5 10 20 
ee | 
5 42 1015 | 0.1435 | 0.2029 
a i ane 5) (i ey (i Mt) °3.02) (4.27) | (6.04) 
208 0.0287 0.0406 | 0.0642 | 9.0908 | 0.1283 
a 6 604 (0.854) (1.24) (4.91) | (2.70) | (3.82) 
ee 0.0203 0.0287 | 0.0454 | 0.0642 | 0.0908 
10000 AU bee (0.604) (0.854) | (1.35) | (1.91) | (2.70) 
100 0.0144 6.0200 | 0.0316 | 0.0447 | 0.0632 
0.1 ps =20626.5 AU - one (0.421) (0.595) | (0.941) | (1.33) | (1.88) 
b 0071 0.0400 0.0141 | 0.0223 | 0.0316 | 0.0447 
eines 0,240 (0.297) (0.421) | (0.665) | (0.941) | (1.33) 
5 $0049 6.0063 0.0089 | 0.0141 | 0.0200 | 0.0283 
eee (0.133) (0.188) (0.266) | (0.421) | (0.595) | (0.841) 
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energy h (1). Let us introduce the following quantities for the cases discussed above: 


Neg = [(m, + m,) V2+- m V3] — Bonn 


and 


Iya = A {my (Gla — 4)? + (Ya — e"1 + Ms Ula — 0° + (Ye — HY) — A 


where r,s is the distance between the star mg and mg, the center of mass of the stars my and mg. 


Yay 


oa eo ee et 2 ee 


Oval 5 
-~4G-o °° v.00 00 0 018 


400 600 


1200 


Fig. 6. The values of 1/ ay, for various initial velocities 
Vy. Along the abscissa time is plottedin 1000 time units, 
along the ordinate the value of 1/a,,- 10°; the open 


circles correspond to Vp = 0.030, the filled-in circles 
correspond to Vp = 0.0285. 


Vo, the velocity of the center of mass mg, is given by 


2 eb ye 
Vom re + Ye 


. m2 + Mor 
ee 1%1 + MoXe ; 
m, + me 


MyY1 + MoYo _ 
m, + ms 


Ye = 


In our case all the masses are equal. Let us investigate the case when the masses and separations are given 
by (2) at the time t= 0: V,= V3= Vo. Then 


h =V2—0.0005, 


aus 2 
hes = Vo — 7509» 
{ 


hye = Vo — 0.0002. 
The values of h, hcg, and hy, are given in Table 5. 


From these data, it can be seen that knowing the total energy h, or hcg or hy,beforehand does not help us 
to determine the features of the motion in the system, To determine these features it is necessary to carry out 
a numerical integration of the differential equations of motion. This can be easily seen from the variation of the 
quantities hes and hy, (see Tables 1 and 3), since these quantities are nothing else but 
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TABLE 5 


Vo | h | heg | % | h | hia 
0.0188562 | —0.000144444 0 0.0223607 —0.000075 
0.019 —0.000139 +0.000004083 |} 0.0282843 48 .0003 0) 

0.01949 —0.0001201399 | +0.000018228 |} 0.0285 +0.00031225 +0.0000030625 
0.0195 —0.00011975 +0.000018521 0.0287 +0 .00032369 +0.0000059225 
0.020 —0.0001 +0 .000033333 || 0.030 +0.0004 +0.000025 
0.0223607 0) +0:000108333 


In future it is necessary to investigate the cases of the three-body problem with fewer limitations, for example, 
the case when the stellar masses are not equal, the stellar velocities are in different directions, etc. 


Astronomy Department of the Academy Received February 2, 1957 
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BRIEF COMMUNICATIONS 


REMARKS ON THE ARTICLE BY V. F. D'IAKONOV ENTITLED "THE INFLUENCE 
OF DIURNAL ABERRATION ON THE ACCURACY OF DETERMINATIONS OF 


LATITUDE FROM OBSERVATIONS OF POLARIS '*'* 


A. A.Mikhailov 


It is shown from elementary geometrical considerations supported by an analytic 
proof that the influence of diurnal aberration on latitude determinations from observations 
of Polaris is negligible, not exceeding 0."005, The conclusion of V. F, D'iakonov to the 
contrary [Astr. J. 34, 3, 484 (1957)**] is incorrect. 


In the article under the above title it was inferred that the influence of diurnal aberration on latitude de- 
terminations from observations of Polaris can amount to 0,"5. It can easily be seen that this is entirely incorrect. 
It is clear from elementary geometrical considerations that the diurnal aberration does not appreciably affect 
latitudes determined from the zenith distance of stars close to the meridian, The diurnal aberration acts in a 
direction which is perpendicular to the meridian, so that its component along the zenith distance on the meridian 
is exactly zero and at small distances from the meridian the effect is of the second order of smallness. This would 
be sufficient except for the fact that the author of the article under discussion attempts an analytic derivation in 
which he makes his mistake; we shall give a correct derivation which confirms the geometrical argument. 


D'iakonov uses the familiar formula for reducing to the meridian the zenith distance of a star at a small 
hour angle; by differentiation with respect to the hour angle he obtains the correct expression (4) for the variation 
of the latitude Agq under the influence of the component of diurnal aberration which is in the direction of the 
right ascension. In order to obtain the total variation of latitude we must add the effect of the declination com- 
ponent of the diurnal aberration; here a fundamental error is committed by the use of the formula g=z+ 6, 
which is applicable only to the meridian itself. In order to obtain a correct result we must also differentiate (2) 
with respect to 6, which when added to Agg would give a vanishingly small effect on the latitude. 


The second error lies in the use of a formula for reduction to the meridian which applies only to small hour 
angles t but which is here applied to all of the hour angles of Polaris. For this case it would be necessary to use 
the following formula: 


o = 90° — z-- pcost +..., 
where p is the polar distance of the star. Differentiation of this expression indicates practically zero effect of the 
diurnal aberration on latitude. The most exact result requires use of a series expansion with differentiation of only 


the first term, starting with the rigorous formula 


cosz = sin gsin§ + cos¢coss cost. 


Differentiating this formula with respect to the variables 6 and t on the right-hand side, we obtain the dependence 
of dz on dé and dt= —da. Inserting the expressions for the diurnal aberration components paralleltothe declination 


* The editor has received letters from Prof, A.N, Deutschand A. V. Butkevich, who also point out the error in 
D'iakonovy’s article. 


** Soviet Astronomy — AJ, p. 419. 
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and right ascension, that is £q. (1) of D'iakonoy, we obtain after some transformations 


dz = —kcos¢coszsin A, 


where k = 0".32 is the coefficient of diurnal aberration and A is the azimuth of the star. In order to obtain the 
effect of latitude we differentiate the same formula with respect to yg and obtain 


dz = cos Adg. 
Hence by eliminating dz we finally obtain 
Ae = — kcosecosztg A. 


. This formula, which applies to all stars, is not new but is also given in the well-known manual of practical astro- 
nomy by Th. Albrecht entitled "Formeln und Hilfstafeln fur geographische Ortsbestimmungen.” 
We can simplify this formula for Polaris, the azimuth of which is always small and very close to 


psint 
sinz ~ 


tgA~sin A= 
Moreover, we can assume cos g 8 sin z, whence 
Ag = — kpsingsint. 


This correction reaches its maximum value at t= +90°, when for p= 1} Ag has the following values for different 
latitudes: 


Q Ag 

0°.| 0” .0000 
30 | 0.0028 
60 | 0.0048 
80 | 0.0055 


Thus, the influence of diurnal aberration on latitude determinations from observations of Polaris is absolutely 
negligible andis usually disregarded. This result, as well as the formulas that have been given, has been known 
for a long time. We recall them here only to prevent errors which can result from D'iakonov’s article that unfor- 
tunately was printed in the Astronomical Journal. 


Main Astronomical Observatory, Received September 14, 1957 
Academy of Sciences, USSR 
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THE GRAVITATIONAL INSTABILITY OF A GAS FILAMENT 


Ea Aga Diba 


The theory of small vibrations of a continuous medium is used to 
examine the instability to longitudinal perturbations of a fluid cylinder 
in its own gravitational field. It is shown that for certain values of the 
density, the cylinder is gravitationally unstable and breaks up into several 
condensation. The results obtained can be used to explain the origin of 
star chains. 


1. An important property both of luminous and nonluminous nebulae is their filament-like structure. It has 
often been noted by Shain [1] that "the filament may be considered a universal characteristic of nebulae.” The 
remarkably widespread occurrence of filaments has also been mentioned by Fesenkov [2]. There occur luminous 
and nonluminous filamented nebulae, separate elongated nebulae, isolated filaments, and finally the arms of gas 
and dust observed in neighboring galaxies. 


Many observers have noted that such filaments and arms tend to break up as they evolve, falling apart into 
separated condensation, Edgeworth [3] arrived theoretically at a similar conclusion, and much observational data 
tending to verify this proposal has been obtained by Fesenkoy and Rozhkovskii [4], Shain [5], Martynov [6], and 
others, 


Vorontsov -vel"iaminov [7] has discovered many cases in which the dust-filled galactic arms of M33 have broken 
up into chains of nebulae. He has emphasized that such phenomena do not occur by chance, and has pointed to 
similar objects in our Galaxy. Dark filaments which are broken up into chains of globules have also been noted by 
Khavtasi [8] in his catalog of nonluminous nebulae, 


Further, a number of authors (Edgeworth [3], Fesenkov [9]) connect the hypothesis of filament decay to the 
origin of star chains, having in mind the possibility that gravitational forces may condense the decay products into 
stars, 


In this connection it is interesting to investigate the gravitational instability of a gas filament. We shall in- 
vestigate this problem, as is often done in the theory of gravitational instability, by assuming that the matter of 
which the filament is composed moves according to the laws of hydrodynamics. 


2. In investigating the gravitational effects of density fluctuations in an unbounded homogeneous medium, 
Jeans [10] sttowed that perturbations propagate as waves with the velocity 


V=V o— Be, (1) 


where c = VyRT is the mean sound velocity, and k is the wave number. According to this, when 


Tc? 
wes 2 
Go (2) 


the propagation velocity becomes imaginary, which means that the condensations and rarefactions increase expo- 
nentially with time, giving rise to condensation nuclei. Thus (2) is the condition for gravitational instability, 
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usually called the Jeans criterion. 


Mathematically, the investigation of gravitational instability reduces to solving the differential equation 


25 
ar = 4nGps + cvs, (3) 


where s= &p/ p is the density variation ("condensation"), and V? is the Laplacian operator, This equation describes 
the propagation of small adiabatic oscillations in an unbounded homogeneous medium [10, 11]. 
Consider a filament in the form of a homogeneous infinite cylinder of radius Rp. Then in cylindrical coordi- 


nates r, Z,Eq. (3) can be written 


an d%s5 1 ds 2s 
a = AnGes tele + a tae]: (4) 


We shall attempt to find a solution of this equation in the form 
S = 9 (r) etot—ikz, (5) 


representing longitudinal waves propagating along the z axis with the boundary conditions 


$ < oo for r= 0 (on the axis of the cylinder), 


(6 
s = 0 for r= Rp (at the walls of the cylinder). it 
Inserting (5) into (4), we obtain an equation for g(r), and finally 
s = [Cyl, (qr) + CoH (qr)e, (7) 
where Ip(qr) and Ho(qr) are Bessel and Hankel functions of zeroth order of the first kind, and q is given by 
4nG z ‘ 
q? = ee ra (8) 
Using the boundary conditions (6) and setting C, = 1 for simplicity, we finally obtain 
s= J (ae i r ) eiot—ikz, (9) 


where jf, is the first root of the Bessel function. 


Let us now establish the criterion for gravitational instability. We use Eq. (8) to find an expression for the 
propagation velocity of a wave along the cylindrical axis, obtaining 


4rGoe c2 / wy \2 

oe cp eee Saectae a OA ay Reale aie 10 
V c a a ( R. ) : (10) 
With Jeans, we may assert that gravitational instability sets in when the wave velocity V becomes negative. 


This means that the cylinder is unstable for all perturbation wavelengths greater than the critical wavelength which 
causes the radical in (10) to vanish, or in other words when 


LS, Ge Ee = ( a ies (11) 


Thus (11) is the criterion for gravitational instability of a cylinder, and 9 is approximately equal to the 
distance between the condensations into which the cylinder eventually decays, It is easily seen that in the limit 
as R oo, this expression becomes the Jeans criterion, The case in which the expression under the radical sign in 
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(11) becomes negative corresponds to a stable state of the cylinder (there are no real wavelengths for the instability). 


3. As an example of this theory, let us consider a filament of gas and dust whose radius is Ro = i 1 parsec E 
ata temperature T = 5°C. The numerical values of the quantities entering Eq. (11) are G = 6.68 ° 107°, R= 8.31- 109 
Hy = 2.4. For simplicity, we shall choose the ratio of specific heats y equal to unity. 


If we use the criterion for gravitational instability given by (11), we reach the following conclusions for 
this case. 


For densities of the order of 10"! and lower, the filament is stable (X? < 0), It becomes unstable when the 
density becomes of the order of 5 - 107*°, and the wavelength of the instability is 0.4 parsec. The filament should 
therefore break up into a series of equally spaced condensations of equal masses. The masses of these condensations 
are of the order of 3 sun masses. 


It would seem that these results can be used to explain the origin of dense star chains. 


A later article will be devoted to the gravitational instability of an infinite cylinder in the presence of a 
magnetic field, 


In conclusion, I take this opportunity to express my gratitude to Professor D. Ia. Martynov, who suggested 
the topic, for valuable remarks and discussion of the results obtained. 


P. V. Shternberg State Received January 16, 1957 
Astronomical Institute 
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THE PERIODS OF SHORT~-PERIOD CEPHEIDS IN THE DIRECTION OF 
THE GALACTIC’ CENTER 


E. D. Pavlovskaia 


It is shown that the periods determined by S. 1. Gaposchkin for eight RR Lyrae stars 
are not correct. They are related to the true periods by the well known relation +. = = 


+ 1. The true periods of these stars are close to 095, this being the most frequent value 
for the RR Lyrae stars in the neighborhood of the sun. 

In the article by S. I. Gaposchkin entitled "285 Variable Stars in the Direction of the Galactic Center" [1] 
an investigation of variables in the region 18"9M—30°.2 is reported; in particular the periods of 108 short-period 
cepheids are given. The distribution of the periods of these stars differs considerably from the distribution of the 
periods of previsouly known RR Lyrae variables in the galaxy. The majority of short-period cepheids in the given 
region have periods around 093 and, in addition, the shape of the brightness curves of these stars is unusual for 
their period. 


This result, if correct, is of special interest for modern cosmogony. The commission for the study of variable 
stars kindly placed at our disposal Gaposchkin's specific data, so that we were able to test his conclusions, Gaposch- 
kin's observations are contained in the bulletin "Variable Stars" 11, No. 4(1957). The data used by Gaposchkin 
enabled us to examine the matter critically. During most nights only one or two plates were obtained and almost 
all of the observations pertain to approximately the same portion of the day. Table 1 gives the number of nights 
when 1, 2, 3,...7 plates were obtained and Table 2 gives the relative distribution for different times of observation. 
It can easily be seen that 77% of all times of observation fall in the interval 09650-09850. 


TABLE 1 
Number of ’ 
obs. per 4 2 3 4 5 6 7 
night 
n 22 2 9 | 6 y Ae he Sa 
% PA ey Ben FOC Se aD eM SP 08 eT Sf a 
TABLE 2 
ee a en es ne ee 
Portion 
= .651—0. 0.71—0.850 |0.851—0.950| 0.951—0.050 
of day 0.551—0.650| 0.651—0.750 j 5 
eet ©)  eeeetey| 2 eee 
n 1 54 43 | 23 | 5 
0% 0.8 42.9 34.1 18.2 4.0 


This character of the data makes it possible that incorrect periods were obtained, which means that in some 
instances instead of the true periods we have the periods which are related to them by /p= 1 p's 1, where p 
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is the true period, and p' is the related period. We undertook a check on the published periods on the basis of this 
hypothesis. Gaposchkin's periods for 8 short-period cepheids were found to be incorrect. The data are given in 
Table 3, where column 2 gives the period as determined by Gaposchkin and column 3 gives the period which was 
determined by the present author. For these stars instead of a period close to 0. 43 we obtain about 095, which is 
the period most frequently found for short-period cepheids in the galaxy. 


Ci Variable Star No. 20 
! 1681272 
18 gre 


e eeee 
° eos ce eee © © © 0 


8 
6 
4 ° Sieteselevacions's sueere 
2 
a 


6 rs 5 72608923 


b Ps © @ ee Sener e ° : ¢ @ oe 


. e e e 


We OG U7 Ub. Cb C8 UF Ge 
Fig wk. 


Thus, the distribution of the periods of short-period cepheids in the direction of the galactic center does not 
differ essentially from the distribution for previously known short-period cepheids in the galaxy. 


TABLE 3 
Number |Gaposchkin's Pavlovska+ || Number Gaposchkin's Pavlovskaia's 
sof state) betiod. 8s Peres period —fia's period | of stars period period 
4 0434139 0451883 47 0437102 0459084 
42 Od 32341 0447863 20 0437259 0459479 
14 0430744 0444444 45 0430540 0444023 
15 0432114 0447362 50 0431 208 0445423 


As an illustration we give the light curve of star No. 20. The brightness curves are given in steps since all 
of Gaposchkin's observations are expressed in steps and only the final average light curves are given in stellar 
magnitudes. Fig. 1a gives our light curve and Fig. 1b give the light curve which we calculated with the period 
published by Gaposchkin, The new period is in better agreement with Gaposchkin's observations. 
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Our reseults have induced us to continue the work of fixing the periods of short-period cepheids in the 


\ 


} 


P. K. Shternberg State Astronomical Received July 17, 1957 
Institute 
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THREE-COLOR COLORIMETRY OF THE INTEGRAL BRIGHTNESS OF 


MARS, BASED ON 1956 OBSERVATIONS 


E. A. Gurtoyvyenko, Sh. G. Gordeladze 


The integral brightness of Mars in three different colors (XN eff = 430, 546 and 
622 mj) was studied from observations made from Sept. 1, 1956 - Jan. 2, 1957. 
Vega was used as a standard. The white stars of the Pleiades, which were photographed 
on the same negatives as the planet, were used for the calibration curves. The results 
of the measurements are given in a table. The great brightness of the planet during 
opposition, the sharp decrease in brightness with increasing phase and the consider- 
able decrease of the color index of Mars during the period of observations should be 
specially noted. 


During the period of the great opposition of Mars, observations of the planet were made at the State Astro- 
nomical Observatory of the Academy of Sciences of the USSR [at Pulkovo] up till the end of 1956. The observa- 
tions were carried out using a three-chamber astrograph. Photographic magnitudes were determined with an 
"Apo-Planar™ objective (D = 136 mm, F = 1700 mm) on "Ilford ordinary No, 30" plates at ore ~ 430 mp. In 
the two remaining chambers, with identical "Apo-Tessar” objectives (D = 109 mm, F = 1200 mm), photovisual 
and photored magnitudes were determined. For photovisual magnitudes, "Agfa spectral gelb [yellow] rapid” 
plates were used in combination with a yellow filter, while "Agfa Isopan” plates with a red filter were used for 


the photored work. For work in these regions of the spectrum, wavelengths equal to 546 mp and 622 my, respectively, 
were found effective. 


TABLE 
eee at Longitude 
2.9 Date mean Mog | oy Mor Chr SEN gilt) Bs, central 
a meridian 


149 |—1 3.21 | —3.93 | 414.55 | +2.27 26°25 
100 2 2.6 1.70 3.30 4.29 1.60 2.00 16.5 
104 3 Are 1.65 3.16 3.96 4.51 2.34 fe9 
108 4 Vee 1.60 3.34 4.17 1.74 2.07 309.4 
112 5 1.6 ody, 3.30 4.28 1.76 2.69 390.4 
116 7 2.6 1.78 3.48 4,24 1.70 2.46 341.2 
118 26 23.1 1.54 3.17 3.995 1.66 2.44 156.7 
125 1/X 0.7 1.45 2.98 3.85 1.53 2.40 420).3 
128 2 23.8 1.45 3.00 3.71 1.55 2.26 102.6 
33 7 23.2 1.40 2.62 3.96 1222 2.16 57.8 
136 8 23.0 1.37 2.75 3.33 1.38 1.96 48.5 
140 12 Zo 1.24 2.94 3.14 1.30 1.9) Mn 
144 24 24.6 1.14 2.16 2.87 1.02 1.73 262.3 
143 34 21.9 0.64 1.37 249 0.73 1.55 196.8 
147 4/XI 21-9 0.50 1.52 2.40 1.02 JECO 159.4 
148 11 24.2 0.32 1.35 2.18 es 1.86 93.5 
149 26/XI1 19.3 0.44 ile catl 1.94 0.86 1.53 19.6 
150 28 19N 0.49 1.30 2.20 0.81 £74 0.1 
151 29 19.2 0.27 1.08 1.98 0.84 hl 350.3 
152 2/I—1957 LOE 0.24 1.02 1.96 0.78 1.72 311.2 
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Images of Mars in all three chambers proved to be quite starlike in appearance, Determination of the in- 
tegral brightness of the planet was carried out, for that reason, with the use of conventional methods of stellar 


: photometery, Vega was chosen as a reference, since its spectral class (AQ) allows for assuming photographic and 
photored magnitudes equal. 


| ”. 4-6 images of Mars and 2-3 images each of the 
“43 oe reference star were obtained on each plate at identical 
ite we objective apertures, but with different exposure times. 
ar ° 2 The cycle of observations during each night lasted 
B ee, 1.5-2 hours. Prints of the Pleiades were taken on the 
E same plates at the end of the run of observations, for 
26 calibration purposes. Since the photored magnitudes 
eh. git of the stars in the Plaeaides are unknown, only white 
Toy = stars in the Pleiades (B7 - AO) were selected in con- 
~24F 00 Sc structing calibration curves for the "Agfa Isopan” plates. 
° ° 
28 mies According to the Schwarzschild relation, the 
vs magnitude of the photographic effect (in the case of 
Me interest, the transmission T) may be represented in the 
form 


T= J (p log t— my 2.5), 


where t is the time of exposure, p the Schwarzschild 
coefficient and m the stellar magnitude of the object. 
The coefficient p is determined for each lot of the 
emulsion by means of photometry of the stellar field of 
the Pleiades, taken with different exposures. As a result, 


0 te wb WM IH 40° we obtained 
Fig. 1. Emulsion 2) 

Ilford No. 30 0.831 + 0.014 

Gelb rapid 0.823 + 0.018 
ch, Agfa Isopan 0.912 + 0.019 
ABMS Curves for T = f(p log t — m/ 2.5) were plotted for each 
i Settoent ie plate with respect to the stars of the Pleiades, for which 
18 Pe Lif Sa t= 1 was assumed. From these curves on transmission 
15 : ° T for Mars and Vega, values of p log t — m/ 2.5 were 
m CL, taken, on the basis of which the stellar magnitude of Mars 
Ph erst °; Se was computed. The brightness of the planet so computed 
12 °° was corrected, in the case of each image, for differential 
a . i ¢ absorption in the earth's atmosphere. Since Mars and 


a6 ; Vega were taken at close zenith distances (the difference 
UW 0 20 2 WwW 3 ° in air mass was of the order of 0.2-0.3), mean values 
of the transparency coefficient were taken from Lugin's 
Fig. 2. tables in computing the correction terms. By averag- 


ing the data relating to all the images registered on a particular plate, mean values of the brightness of Mars for each 
set of observational data were calculated. The stellar magnitudes of Mars, referred to mean opposition (r = 1.5237, 
A= 0.5237), are cited in the table on p. 926 .Cly.and Cly are used to denote, respectively, the differences 

Mpg ~ Mpy and Mpg — Mpr- The same results are represented graphically in Figs. 1 and 2, in their phase angle 
dependence. 

The stellar magnitudes of Mars cited may differ slightly from the international magnitudes, as a result of the 
difference in the corresponding color systems. That difference, judging by the data of the effective wavelengths, 
should be a very insignificant one. This is also attested to by the results of a determination, in our system, of the 
magnitude of Capella. The mean values of 4 determinations of its photographic and photovisual magnitudes, equal 
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to, respectively, + 0M95 and+ 0M32, coincided, within limits of 071, with the same magnitudes given in the 
international system (+1!"03 and 0121). It may be assumed that the difference in both systems in each section 


of the spectrum does not exceed + 02, 

The mean error in brightness measurements of the planet, for each date, amounts to o™05 —0M07, In this 
connection, the spread of points in several portions of the graph (Fig. 1) should be taken as a reflection of the real 
measurements of the brightness of the planet, not explained by changes in phase angle. 

An especially noticeable decrease in the brightness of Mars may be observed in all three parts of the spectrum 
on the negatives numbered 143, 147, 148, obtained successively during the period Oct. 31-Nov. 11 (points on the 
graph marked by crosses), 

Particularly conspicuous is the appreciable brightness of the planet at opposition, its abrupt decrease with 
increase in phase, and a considerable lowering of the color index of Mars during the course of the period of ob- 
servations, Near the opposition, the color index was equal to+ 118, while at the end of the period of observations 
(with phase angle equal to ~ 41°) its value had dropped to as low as +018. 


V. I. Voroshilov took part in the observations. 


Main Astronomical Observatory Received March 14, 1957 
Academy of Sciences of the 
Ukrainian SSR, Kiev 
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CHRONICLE 


SYMPOSIUM ON BRIGHT-LINE STARS HELD IN LIEGE (BELGIUM) 
PUSS il 0519/57, 


; International symposiums devoted to the most pressing problems in astrophysics have been convened annually 
at Liege, Belgium, except for those years in which congresses of the International Astronomical Union are being 
held. 


The Eighth International Symposium was devoted to a discussion of the problem of the physics of stars having 
bright lines in their spectra. Over 50 scientists from different countries were in attendance to participate in the 
work of the Symposium. In addition, a large number of Belgian astronomers took part in the Symposium. The 
Soviet delegation, in addition to the authors of the present article, included Prof. B. A. Vorontsov-Vel'*iaminov and 
L. V. Mirzoian. 


The theme of the Symposium, "Bright-line Stars," is a highly interesting and important topic. Although 
stars with spectra containing bright lines constitute only a small percentage of the total number of stars, those are 
nevertheless usually stars characterized by many peculiar features, features which are of great significance in the 
problem of unraveling the origin and evolution of stars. The study of this type of stars therefore attracts much 
attention on the part of astronomers. 


The work of the Symposium, which was convened at Liége University, began with introductory remarks by 
Prof. P. Swings (Astrophysical Institute of Litge), wishing the participants at the Symposium successful and fruitful 
work. Prof. P. Swings and Prof.O. Struve presided in the chair at the Symposium. 


The topical agenda of the Symposium breaks down into a series of sections dealing with particular problem 
fields: 


Ia. Wolf-Rayet (WR) stars, stars of class Of and nuclei of planetary nebulae. 

Ib. Stars of classes Be and Ae, and stars of P Cygni. 

Ila. Stars of classes F, G, K, containing emission lines in their spectra. 

IIb. Pulsating stars of the same classes. 

III. Cold stars with emission lines. 

IVa. Spectral binaries. 

IVb. “Symbiotic” stars, i.e., stars, containing lines with sharply defined excitation and ionization levels 


in their spectra. 


V. Discussion of interaction between different classes of variables with emission lines. 


VI. Discussion of experimental and theoretical efforts underway at the present time devoted to the study 
of allowed and forbidden lines, of interest in the field of stars with bright lines. 
Each section began with an introductory report, after which individual original communications dealing 


with the subject matter of the section were heard, and discussion of the topic of interest began. 


An extensive introductory report devoted to emission lines in the spectra of Of and Wolf-Rayet stars was 
presented by Miss A. Underhill (Dominion Astrophysical Observatory, Canada) and read by P. Swings. Let us recall 
the fact that Of stars are O type stars exhibiting emission lines in their spectra. The most characteristic emission 


929 


lines in the spectra of Of stars are the lines of He II 4686; N III 4634-4642 and C III 5696. It was disclosed, in 

Miss Underhill's report, that, on the basis of her investigations and those of R. Wilson (at the same observatory), 

Of stars and conventional O stars with absorption lines do not form any groups of stars sharply delineated from 

each other, but that, on the contrary, both of these groups interpenetrate into each other. Apparently, the Of 

with the most intense emission lines have the most extended atmospheres. The question of the difference in absolute 
brightnesses between Of type stars and conventional O type stars of the same classes has as yet not been solved. 


In the same report, and also in a succeeding report, R. Wilson made known that the contours of the above 
mentioned C III, NII, He lines in the spectra of Of stars are in their own way complex, consisting of a central 
relatively sharp emission "line" superimposed on a weak but very extended emission "band." The extension of 
these emission wings indicates Doppler speeds of the order of 1500 km/sec, which shows much in common with 
the properties of the spectra of Wolf-Rayet stars. 


In the same report, A. Underhill proposed a new explanation for the splitting of the Wolf-Rayet group of 
stars into two branches, a carbon branch and a nitrogen branch. Analyzing the ionization state in the spectra of 
WR stars, she arrived at the conclusion that this division may be explained by introducing a hypothesis as to devia- 
tions of photospheric ionizing radiation from the radiation of an absolutely black body. WR stars, showing in the 
main C lines, should have a temperature of about 50,000°, and stars showing N lines for the most part should then 
have a temperature of about 62,000°. It is superfluous to draw up any hypotheses concerning differences in 
chemical composition. The explanation offered by Miss Underhill provoked a lively discussion. 


The problem of the spectrophotometric temperatures of Wolf-Rayet stars was discussed by B. A. Vorontsov~ 
Vel'iaminoy (Moscow State University). New measurements taken of 10 Wolf-Rayet stars confirm the low 
spectrophotometric temperatures, although taking into account the new null point of the temperatures of stars of 
class A, and point out somewhat higher temperatures than had been found earlier. In a second report given by 
B. A. Vorontsov-Vel'iaminov, "Galaxies with Broad Emission Bands in the Spectra of Their Nuclei," attention was 
drawn to the absence of any difference between the spectra of those galaxies and radiogalaxies, and the mass of 
the gas contained in their nuclei was evaluated, : 


A number of communications were devoted to a discussion of the question of the excitation of atoms in the 
envelopes of the stars under consideration. V. Bappu (India) determined the excitation temperature in two Wolf- 
Rayet stars on the basis of SIU lines. Temperatures of 48,800° and 27,400°K were obtained. 


E. R. Mustel' (of the Crimean Astrophysical Observatory) indicated,/in his report, that, in the presence of 
sizable turbulence flows in stellar envelopes, emission may arise in the lines due to mutual collisions between 
individual gas clouds. As an example, the emission bands in the spectra of novae after maximum brightness were 
subjected to discussion, 


In a report by J. Sahade (University of Califomia, USA), results were presented of studies of a binary, one 
of the components of which was a WR star, its companion being an ordinary B-type star, Highly complex patterns 
of gas flow take place in the system. 


Unfortunately, the report on the origin of the broad emission bands in the spectra of Wolf-Rayet stars was not 
discussed. 


A large number of papers were delivered on the study of Be stars. The introductory report was delivered by 
V. Kourganoff (Lille Observatory, France), who briefly characterized the state of the question of Be and Ae types. 
He went into great detail in his report on an exposition of the theoretical work of V. V. Sobolev. The report was 
first readin French and then repeated in English. 


The question of the radiation in Lg lines within stellar envelopes was takenupina report by V. V. Sobolev 
(Astrophysical Observatory of the Leningrad State University), the report constituting a further extension and de- 
velopment of this theory of stellar envelopes in motion. 


The report delivered by A. A, Boiarchuk (Crimean Astrophysical Observatory) dealt with a study of the 
envelopes of Be stars. In his report, he drew attention to the fact that, in most envelopes, the optical thickness at 
the center of the Balmer lines is greater than unity, beyond the Balmer series limit it is much less than unity, and 
beyond the Lyman series limit, it is not greater than unity. The masses of the stellar envelopes are about 10 “Mo, 
In addition, as was pointed out, a continuous outflow of matter from Be stars is evidently absent. 
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Bee ox Hepes (Greenwich Observatory) reported on the results of hydrogen emission studies in stars of P Cygni 
and AG Pegasi. It was shown that the dimensions of the envelopes of those stars are equal, respectively, to1.3R,, 
and 3.3 R,, where R, is the radius of the photosphere. 


A new, accurate technique for reduction of spectrograms was treated in a report by H, Butler (Edinburgh 
Observatory). This technique consists of composing, on the basis of many records of several stars of the same 
spectral class (plotted in intensities), a composite record of the spectrum of stars of the particular type. This com- 
posite record then serves as a reference standard for other spectra of Be-type stars. This method proved successful 
in detecting weak Fe II emission lines in the spectra of Be stars and in studying changes taking place in the spectra. 


Findings of studies of the Balmer emission decrement in spectra of Be stars were reported in a paper by 
H. Rojat and R, Herman (Meudon Observatory, Paris). 


A number of papers delivered discussed the behavior of the V/R ratio in the spectra of Be stars. As is well 
known, one of the most characteristic features of the spectra of Be stars is the central depression (absorption) in 
the emission lines. This depression, brought about by absorbing atoms in the outermost parts of the envelope of 
Be stars, divides the emission into tow parts. That part which is situated on the violet end of the central depression 
of the spectrum is designated by the letter V; the opposite part is designated by the letter R. The ratio of the in- 
tensities of both those components, V/R, functions as a very excellent characteristic measure of the motion of 
the outer absorbing layers of the envelope relative to the inner emitting parts. 


In his report, M. Johnson (Birmingham) made an attempt to explain the observed changes in the value of 
V/R in the spectra of some stars by the action of various mechanisms. Struve's suggestion of the rotation of the 
apsidal lines in a projected equatorial ring was studied, and such mechanisms as nonradial pulsations, etc., were 
also alluded to. 


In her report, M. Hack (Merate Observatory, Italy) dealt with changes in the value of V/Rin ¢ Tauri during 
the period 1902-1956, and discussion on the materials she presented took place. 


D. B. McLaughlin (University of Michigan) drew the conclusion, based on many years" study of fluctuations 
in the value of V/R for a number of stars, that neither the hypothesis of binary rotation nor the hypothesis of a 
pulsating envelope can explain the changes observed in the V/R ratio and the radial velocity of emission and 
absorption line components. 


M. Zuckermann (Astrophysical Institute, Paris) made some preliminary remarks on observations of rapid 
brightness fluctuations of SS Cygni in different beams. 


Three reports were given delaing with section Ila. K, Bohm (Kiel University) made an attempt to explain 
the presence of ultraviolet radiations in the spectra of stars of T Tauri by the overlapping of emission lines in 
higher terms of Balmer lines (excluding the Balmer continuum). An assumption was made as to the significant 
role of self-absorption in all of the lines indicated. However, as was remarked upon in the discussion, this attempt 
at explaining ultraviolet emission comes up against the difficulty that polarization of ultraviolet radiation of stars 
of T Tauri has been detected in recent studies. 


L. V. Mirzoian (Burakan Observatory), in his report, discussed some of the facts characterizing stars with con~ 
tinuous emission, and also discussed some possible explanations for this emission, He cited a number of arguments 
in support of the concept that this radiation has a thermal character, 


L. Rosino (Padua, Italy) reported on eight flare stars which he discovered during 1955-1956 in the cluster 
NGC 2264. Short-period variables have a mean visual magnitude at a minimum of around 176 and a mean ampli- 
tude of about 1™7. The period of brightness change from minimum to maximum brightness and back again to mini~ 
mum is 38 minutes, The stars are accordingly of shorter period than the flare stars in Orion, and are easily re- 
cognized as of longer period than the flare stars in Taurus. Intense work will be continued in that area of study. 


Section IIb, on pulsating stars, was initiated with an introductory report by E. Schatzman (Astrophysical 
Institute, Paris). C. Whitney (Smithsonian Astrophysical Observatory, USA) made a contribution on the emission 
of Ca II lines in classical cepheids. He considered three possible sources of Ca I] emission; a) the existence of 
some limited région of high kinetic temperature generated by a pulsating wave; b) excess recombinations in an 
ascending gas in upper layers of the hydrogen ionization region; c) disturbances in the chromosphere. Whitney 
came to the conclusion that Ca II emission arises in the chromosphere of cepheids. 


A. Delsemme (Astrophysics Institute of University of Liege) gave a report on temperature change in cepheids, 
based on emission in the spectrum of RU Camelopardi. 


Section III was started with an introductory report delivered by K. Wurmom (Hamburg Observatory, West 
Germany). Individual contributions were made by W. Iwanowska (Nikolaj Kopernik Astronomical Observatory, 
Torun, Poland), S. Gaposchkin (Mount Stromlo, Australia) and C, Bruce (Electrical Research Laboratory, Great 
Britain), The first two of these reports dealt with studies of various properties of the spectra of long-period vari- 
ables, and the report by C. Bruce summed up the results of a theory put forward earlier to the effect that electrical 
discharges play a great role in the physical phenomena characterizing the pulsations of the stars discussed. 


A sizable group of reports following the introductory report by Otto Struve were made on spectral binaries 
whose spectra contain emission. A series of reports was devoted to studies of the eclipsing variable W Serpentis. 
The spectrum of this star is of interest both from the point of view of absorption and that of emission. According 
to remarks by J. Sahade and O. Struve, the most intense absorption lines of the star appear in the envelope sur- 
rounding the entire stellar system; the weaker and broader absorption lines have their origin in the atmosphere of 
the primary. This star ejects gases which form an envelope around the star and at the same time give rise to emis- 
sion bands, best visible (during an entire period) in the hydrogen lines. The secondary star is also surrounded by 
an envelope, whose existence was detected on the basis of a broad emission appearing only during the eclipse. 
The outermost layers of the expanding envelope bounding the entire system give rise to forbidden Fe II lines, ob- 
servable over the entire cycle of light variations. A. Beer (Observatory of Cambridge University, Great Britain) 
and Margherita Hack presented, in their reports, findings on spectrophotometeric studies of this star. 


The spectrum of the star Plackett HD 47129 was reported on by O. Struve, J. Sahade and K. Abhyankar. The 
spectrum of this massive spectroscopic binary with P = 1494 experiences noticeable changes. Especially interesting 
are the periodic variations in the structure of the Hy line, observed in the emission spectrum. These variations 
are correlated with the appearance of strong lines of the “envelope” type in He I 3888, 4472, 5876. The radial 
velocity determined on the basis of those lines comes to about 700 km/sec; this suggests the presence of a rapidly 
expanding flow of gas. The star must be extremely unstable and may represent an intermediate object between a 
normal "quiet" binary of class 0 and a binary containing a Wolf-Rayet star. 


M. Plavec (Astronomical Institute, Czechoslovakia) gave a report on Lagrangian binary points in close binary 
systems, 


K. O. Wright and R. Kisvaga (Dominion Observatory, Canada) submitted reports on interesting fluctuations 


of the Ha emission contour in the spectrum of ¢ Aurigae, 


The introductory report for section IVb was given by P. Merrill (Mt. Wilson and Mt. Palomar Observatories, 
USA). He enumerated five groups of stars with emission lines characterized by high excitation states, which are 
superimposed on a spectrum characterized by low temperature. It was noted in this report, that up to the present 
time, there is still some question as to whether or not “symbiotic” stars are binaries, or whether we are dealing 
here with a single star found "inside" another. He also pointed out the fact that, according to a body of data, 
outflow of gas should take place from the central region of a "symbiotic" star. 


J. Greenstein and W. Tifft (Mt. Wilson and Mt. Palomar, USA) discussed an interesting object, a symbiotic 
star situated at upper galactic latitude of + 15° and having a large velocity in space. This is the first case of 
that kind. The fundamental spectrum of this star is of the spectral class gM3, and the emission lines are exceptionally 
intense and numerous. 


C. Whiting (Leuschner Observatory, USA) reported on the peculiar star 17 Leporis. The normal spectrum 
of 17 Leporis is composite and consists of broad diffuse lines of hydrogen and Mg II 4481, which arise in the inner 
stationary reversing layer, and from sharp lines of metals, arising in the expanding outer envelope. During an 
intense flare, the lines of the envelope double, with violet components giving expansion velocities of the order 
of 150 km/sec, The emission spectrum consists of the Hg line, whose structure is the same as in P Cygni. Hg 
sometimes has a "red" emission component. Weak emission lines on the "red" side of the envelope lines are 
observed, and frequently so when the envelope is active. 


M. Bloch and Cheng Moa-Ling (Observatory of Lyon) reported on recent spectroscopic observations of some 
symbiotic stars. 


C. Payne-Gaposchkin (Harvard Observatory) presented a review, for section V, dealing with the question 
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of the interaction occurring between different classes of variables with emission lines. Finally, for the last section, 
R. Gastrang (University of London) reported on the state of work reached in determining various constants for atomic 
transitions of interest in the problem of bright-line stars. He reported that computers have been liberally employed 


to this end and that computers will be used in the first instance to determine atomic constants for forbidden transi- 
tions. 


The Symposium came to an end with concluding remarks by Prof. Otto Struve. Participants of the Symposium 
expressed their acknowledgment to Prof. P, Swings and to the University of Li¢ge for their excellent work in 


organizing the Symposium and for their hospitality. An excursion to the Ardennes was undertaken after the con- 
clusion of deliberations. 


During the Symposium, participants of the Soviet delegation, despite the crowded program of the sessions, 
held many discussions with foreign astronomers on a whole number of questions of scientific intests. The cordial 
atmosphere prevailing at the Symposium aided in the success of these informal discussions. 


It has been proposed that the following Symposium in Liége, in 1959, take up problems of novae and super- 
novae. 


Received Novermber 14, 1957 E. R. Mustel’, A. A. Boiarchuk 
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Soviet Astronomy — AJ: Author Index for Vol. ieelvot 


(Russian Original Vol. 34, 1957, Astronomical Journal of the Academy of Sciences of the USSR) 


A fanas'eva, P, M. A Catalog of Right Ascensions of 
203 Stars Based on Observations with a New Photo- 
electric Transit Instrument ~ 598, 

Agekian, T. A. The Theory of the Fluctuations of 
the Observed Number of Galaxies - 366. 

Alaniia, I. F, Color Excesses in 102 RR Lyrae Stars - 
205. 

Alduseva, V. Ia., see Martynovy, D. Ia. - 425. 


Barkhatova, K. A. Open Stellar Cluster NGC 6811 - 
201. 

Barkhatova, K. A. The Open Stellar Clusters NGC 
6823 and NGC 6830 - 822. 

Boiarchuk, A. A. Some Characteristics of Shells of 
Be Stars - 192, 

Brumberg, V. A. Permanent Configurations in the 
Problem of Four Bodies and TheirStability - 57. 

Bugoslavskaia, E. Ia. Coronal Streamers - 228. 

Butkevich, A. V. Calculation of Latitude by the 
Method of M. V. Pevtsov - 610. 


Clemence, G. M. Tables of the Principal Planets - 
432. 


Dadaev, A. N. Awarding of she 1957 Lenin Prize to 
B. K. Ioannisiani for the ‘Designing of Astronomi- 
cal Instruments - 491. 

D'iakonov, V. F. The Influence of Diurnal Aberration 
on the Accuracy of Determination of Latitude 
from Observations of Polaris - 469. 

Dibai, E. A. The Gravitational Instability of a Gas 
Filament - 920. 

Dirikis, M. A. A Special Case of the General 
Three-Body Problem - 909. 

Dukhnovskii, P. G. On Some Peculiarities in the 
Motions of Comets - 80. 

Dziubenko, N. I. The Distribution of Matter in the 
Polar Rays of the Solar Corona - 373. 


Fedin, L. A. On the Utilization of a Thin Lummer- 
Gehrke Plate - 138. 
Fedorova, N. I. The Infrared Spectrum of the 


Northern Night Sky in the Region 9500-11,500 A~ 241. 


Fesenkov, V. G. The Early Thermal History of the 
Earth - 112. 

Fialko, E. I. Distribution of Meteoric Radio Echoes 
According toTheir Duration - 235. 

Fialko, E. I. On the Problem of Determining the 
Mass Distribution of Meteors - 411. 

Filin, A. Ia. On the Kinematic Peculiarities of B 
Starsaan ould 

Filin, A. Ia. The Kinematic Peculiarities of B Stars 
and the Rotation of the Local System - 812. 


Fomenko, B. D. Variation of the Coefficient of 
Transparency of the Atmosphere During the 
Total Solar Eclipse of June 30, 1954 - 841. 


Gal'perin, Iu. I. Observations of Hydrogen Emission 
in Aurorae - 133. 

Gel’ fgat, B. E., see Radzievskii, V. V. - 568. 

Gnevyshev, M. N., R. S. Gnevysheva and V. G. 
Kurt. On the Observation of the Infrared 
Coronal Lines 10,747 and 10,798 A = 654. 

Gnevysheva, R, S., see Gnevyshev, M. N. - 654. 

Gorbatskii, V. G. On the Interpretation of the 
Emission Spectrum of Long-Period Variable 
Stars. I. - 834, 

Gordeladze, Sh. G., see Gurtovenko, E. A. - 926. 

Gordon, I. M. The Nonthermal Component of the 
Radiation of Unstable Stars and the Main Features 
of TheirSpectra - 719. 

Grushinskii, N. P. On the Errors of Interpolation 
and Representation in Detailed Gravimetric 
Surveys, the Accuracy of Charts, and the Best 
Distribution of Stations - 260. 

Grushinskii, N. P. The Fundamental Gravimetric 
Station at the P. K. Shternberg State Astronomical 
Institute (GAISh) - 455. 

Gulak, Iu. K. Photometry of the Images of Some 
Planetary Nebulae - 508. 

Gulak, Iu. K. The Spatial Structure of Some 
Planetary Nebulae - 802. 

Gurtovenko, E. A. and Sh. G. Gordeladze. Three- 
Color Colorimetry of the Integral Brightness of 
Mars, Based on 1956 Observations - 926. 

Gurzadian, G. A. Planetary Ring Nebulae - 796. 


Hsi Tse-Tsung. An New Catalog of Novae Recorded 
in the Chinese and Japanese Chronicles - 161. 


Iavnel', A. A. The Characteristics of Chemical 
‘Composition of Meteoritic Matter and the Origin 
of Meteorites - 435. 

Iavnel', A. A. Meteoritic Matter at the Place of 
Fall of the Tungus Meteorite - 769. 

Iavnel’, A. A. Peculiarities of the Mineral Com- 
position and Structure of Meteoritic Matter and 
the Origin of Meteorites - 891, 

Idlis, G. M. On the Paper by A. M. Mikisha and 
F. A. Tsitsin, Some Problems of the Theory of 
Galactic Potential - 290. 

Idlis, G. M. On the Evolutionary Interpretation of 
the Main Sequenceof Stars - 733. 


Kaplan, S. A. Shock Waves in Interstellar Space. 
Il. Ionization Discontinuities - 183. 


Kaplan, S. A. Shock Waves in Interstellar Space. 
III. Hydromagnetic Discontinuities - 317, 

Kharitonov, A. V., see Moroz, V. I. - 874. 

Kipper, A. A Symposium on "Electromagnetic 
Phenomena in Cosmic Physics" in Stockholm on 
August 27-31, 1956 - 293. 

Kolchinskii, I. G. Some Results of Observations of 
the Vibration of Images of Stars at the Main 
Astronomical Observatory of the Academy of 
Sciences of the Ukrainian SSR at Goloseevo - 
624. 

Kolpakov, P. E. On the Acceleration of Charged 
Particles in the Electromagnetic Field of Sun- 
spots - 218. 

Korchak, A. A. Electromagnetic Radiation by 
Cosmic-Ray Particles in the Galaxy - 360. 

Koval’, I, K. Results of Photographic Observations 
of Mars at the Kharkov Astronomical Observatory 
During 1954 - 404, 

Kozhevnikov, N. I. Solar Limb Darkening at Wave- 
lengths of 1-4y - 856. 

Krat, V. A. On the Observations of the Sun During 
the International Geophysical Year - 766. 

Kruchinenko, V. G., Iu. P. Platonov and V. B. 
Sukhov. An Electronic- Mechanical Computer 
for Determining the Mean Times of Stellar 
Transits During the Observations - 594, 

Kulikov, K. A. Review of:The Motions of the 
Heavenly Bodies, by Iu. A. Riabov - 488. 

Kurochkin, N. E. The Distribution of Absorbing 
Matter and the Spiral Structure of the Galaxy - 
31. 

Kurt, V. G., see Shcheglov, P. V. - 474. 

Kurt, V. G., see Gnevyshev, M. N. - 654. 


Lidov, M. L. Automodel Motion of a Gas with 
Spherical Symmetry in the Field of a Gravitating 
Center - 588. 


Makarova, E. A. A Photometric Investigation of the 
Energy Distribution in the Continuous Solar 
Spectrum in Absolute Units - 531. 

Marinbakh, A. B. The Influence of the Position 
Error of a Ship on the Astronomically Deter- 
minable Compass Correction - 459. 

Martynov, D. Ia. and V, Ia. Alduseva. Changes in 
the Construction of the MF-2 Microphotometer 
Adapting It to Measurements of High Density - 
425. 

Masevich, A. G. The Evolution of Stars in the X 
and h Persei Double Cluster - 177. 

Masevich, A. G. A Meeting of the Commission for 
Cosmogony Devoted to the Future Development 
of Work on Cosmology - 306. 
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Masevich, A. G. A Reply to G. M. Nikol'skii's 
Note - 481. 

Masevich, A. G., see Ruben, G. - 705. 

Meshcheriakova-Babich, O. I., see Vsekhsviatskii, 
S. I. - 556. 

Mikhailov, A. A. On the Observation of Artificial 
Satellites - 309. 

Mikhailov, A. A. Review of:Studies in the History 
of Astronomy by P. G. Kulikovskii - 483. 

Mikisha, A. M. and F, A. Tsitsin. On the Distri- 
bution of Mass in the Galaxy ~ 45. 

Mikisha, A. M. and F. A. Tsitsin. The Virial 
Theorem as Applied to the Dynamics of Stellar 
Systems ~ 661. 

Mironov, A. V. and V. S. Prokudina. On the 
Identification of the Emission of the Night Sky at 
About 5300A - 430. 

Mirzoian, L. V. Opening of the Biurakan Astro~ 
physical Observatory of the Academy of Sciences 
of the Armenian SSR and the Conference on 
‘Nonstationary Stars - 297. 

Moroz, V. I. and A. V. Kharitonov. Photoelectric 
Photometry of Sections of the Surface of Mars - 
874, 

Muliarchik, T. M. and K. I. Petrova. Increase of 
the Sensitivity of Some Photographic Emulsions 
by Means of Preliminary Short Exposure - 108. 

Mustel’, E. R. The Physical Nature of the Dif- 
ferences Between Geomagnetic Disturbances of 
Sudden and Nonsudden Commencement - 124. 


Nikol'skii, G. M. A Note on the Paper "Luminosity 
Function for Stars of the Main Sequence and its 
Interpretation” by A. G. Masevich - 479, 


Obrezkova, E. I. Variations of the Mean Latitude 
of Poltava, Mizusawa, Richmond and Washington - 
445, 

Ogorodnikov, K. F. Statistical Mechanics of the 
Simplest Types of Galaxies - 748. 

Ogorodnikov, K. F. On the Principles of Statistical 
Mechanics of Stellar Systems - 787. 

Orlov, S. V. Radial Systems in the Head of the 
Comet 1908 III (Morehouse) - 231. 


Panovkin, B. N. A Model of the Inner Corona Based 
on Radio Data - 497, 

Pavlovskaia. E. D. The Periods of Short-Period 
Cepheids in the Direction of the Galactic 
Center = 923. 

Peregudov, F. I. Effective Scattering Cross Section 
of a Weakened Meteor Trail - 606. 

Perel’, Iu. G. Plenum of the Commission on the 
History of Astronomy - 493, 


Petit, M. On the International Cooperation for 
the Study of Flare Variable Stars - 783, 
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